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Summa 
A critical and constructive review of the genus Cryptosporidium, the diseases which are collectively 
referred to as cryptosporidiosis, and the diagnostic and research methods used -to study 
Cryptosporidium, was produced. Cryptosporidiosiswas examined at all levels, from nucleic acid, through 
cell and animal, to community infection. Hypotheses were made about the absence of syzygy, and its 
relationship to auto-Infection. The sexuality, population structure, and reproductive cycle were examined. 
A chemiosmotic hypothesis involving the mannitol cycle was proposed to explain the biology and 
pathogenicity of Cryptosporidium. 
One aim of the project was to differentiate between Isolates for the purpose of Improving epidemiological 
monitoring of human and animal Infection. Several typing strategies were tried, and a western blotting 
technique was developed which was able to distinguish between Isolates of C. baileyl and C. Darvum and 
also showed variation amongst Isolates of C. parvum from humans, lambs and calves. The detection 
technique was sensitive and specific for Cry týosporidium spo., and was used to examine 76 samples 
containing Cryptosporidium oocysts. There were, seven main banding patterns, Including 5 types of 
C. pgrvum with four types In cattle, two In humans, and one In lambs. C. m ri stained poorly, but had 
two distinct bands. The technique has the potential for differentiating large numbers of isolates from 
Infected patients and animals.. I.. J; 1.1 1 -- ,-- 
The symptoms, prevalence and epidemiology of cryptosporidiosis were examined, and age, sex, 
geographic, and seasonal distributions were determined. Evidence from local and national data suggests 
cryptosporidiosis in the community is predominantly spread by person to person transmission, although 
other routes of infection are also common, and waterborne Infection appears to cause widespread 
Infection. Epidemiological data Indicate that about a third of the population have had cryptosporidiosis 
by the age of 40 years old. Proposals are made for reducing the risk of Infection in Immunocompromised 
patients. 
Gordon Nichols 1991.1 1 
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1 Cryptosporidium: The Organism Is a genus of protists, the species of which are capable of Infecting 
most terrestrial vertebrates, and some aquatic ones (Fayer & Ungar, 1986). It Is a cause of economic 
loss in some agricultural animals (Anderson, 1988; Angus, 1988), and causes asymptomatic Infection 
or disease In wild and domestic animals, particularly In the newborn (Current & Blagburn, 1990). The 
widespread distribution of C. parvum in herbivorous animals means that the environment Is extensively 
contaminated with resistant oocysts (Smith, 1990), and In ecosystems the organism probably plays a 
role in controlling population density by causing neonatal scouring and death. For humans, infection Is 
rarely fatal in immunocompetent individuals, and morbidity is transient and reversible. In malnourished 
and Immunocompromised people, death can follow dehydration, weight loss, and protein loss, and 
Cryptosporidium contributes significantly to early death in people with AIDS (Edwards et al, 1990). This 
problem will increase in developing countries where there Is a high incidence of HIV Infection (Tsaihong 
et al, 1990), and the chronic excretion of oocysts by these patients may increase the exposure of the 
general population to Cryptosporidium Infection. Water can be a significant source of infection, and 
chlorine has proved to be Ineffective In decontaminating otherwise potable supplies (Rose, 1990). 
Cryptosporidiosis Is endemic In all countries so far examined, and the extent of Infection In the 
community Is probably related to levels of hygiene, the closeness of contact with animals, and the 
quality of the water supply. Biologically, Cryptosporidium has a quite unusual habitat, living intracellularly 
under the outer membrane of the host epithelial cells, but In close contact with the contents of the 
respiratory, Intestinal, biliary or pancreatic tracts. It is one of the smallest of the Coccidiasina. 
In the introduction to this thesis I will concentrate on organisms belonging to the genus 
Cryptosporidium, trying to provide as wide a view of the subject as possible, and examining the complex 
nature of the causes of cryptosporidiosis. 
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1.1 The history of Cryptosporidium goes back 80 years, to the meticulous descriptions of Tyzzer who 
used light microscopy to examine and describe the life cycle of C. murls infecting the gastric glands of 
mice, and C. parvum Infecting the intestines of mice (Tyzzer, 1907; 1910; 1912). The disease 
cryptosporidiosis Is not sufficiently distinctive clinically from other diarrhoeal diseases to allow historical 
disease to be attributed to Cryptosporidium infection. 
1.1.1 Literature associated with the historical emergence of Cryptosporidium as an organism of 
scientific, veterinary, medical and biological interest, was of little interest until comparatively recently, but 
rose exponentially from 1970 onwards (Figure 1.1.1). There were five reports of cryptosporidiosis before 
Figure 1.1.1 Graph of the number of Cryptosporidium 
references per year 
180 
1 60 
140 
20 
100 
c 80 a) 
60 
40 
20 
01-11-I --- 1 _. __ýý_01.1ý11111111111ý11J1y 
1910 1920 1930 1940 1950 1960 1970 1980 1990 
Year 
1930, one of which was a misidentification, and only two papers were published between 1930 and 1949, 
one of which was its mention in a classification scheme, and the other a wrong description. There were 
eleven reports between 1950 and 1969,46 between 1970 and 1979, and over 800 between 1980 and 
1989. The large number of abstracts and papers on cryptosporidiosis have been used to compare six 
on-line databases (Eyers & Taylor, 1988). Searching over a period from 1984 to August 1988, there were 
509 items on Cryptosporidium/cryptosporldlosis In MEDLINE, 347 in EMBASE, 466 in BIOSYS, 227 in 
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Public Health and Tropical Medicine, 550 In CAB, and 490 In SCISEARCH. This compares with a 
wordprocessing computer search of the years 1984-1988, obtained during an exploration of the literature 
for this thesis, which found 719 references to Cryptosporidium/ cryptosporidiosis, out of a total of 1151 
articles. This highlights the limitations of on line searching, although many of the uncited articles were 
conference abstracts, and also shows one of the difficulties of dealing with a subject which is expanding 
rapidly. 
1.1.2 First observation of Cryptosporidium may have been the motile swarm spores seen by Clarke 
(1895), which Tyzzer (1910) thought may have been merozoites, although I am unconvinced by the 
plates In this paper. Schizonts enclosed by cysts were observed by Wenyon (1926), and these may also 
have been Cryptosporidium (Tyzzer, 1910), but the first detailed description of the life cycle was in four 
papers by Tyzzer (1907,1910,1912,1929). The first paper briefly describes, and names, 
Cryptosporidium muris found In the gastric glands of mice (Tyzzer, 1907). This was followed by a 
detailed description of the life cycle, staining reactions, and experimental Infections of mice (Tyzzer, 
1910), which is, in most respects, an accurate description of what is known today. It is understandable 
that he should have called Cryptosporidium extracellular, because the organisms live at the edge of 
cells, and the intracellular location of the parasite Is difficult to judge without electron microscopy. In the 
third paper he reported Cryptosporidium In the Intestines of rabbits, and described the life cycle of Q 
ap rvum in the intestines of mice in detail (Tyzzer, 1912). He demonstrated Cryptosporidium In a few 
chickens, and on the basis of its similarity to infections in mice, called It C. parvum (Tyzzer, 1929). This 
organism was later named C. t zerl (Levine, 1963), but was probably the same organism as that found 
In turkey Intestines, and named C. meleagridis (Slavin, 1955). An organism found in the faeces of a 
rattlesnake was named C. crotall (Triffitt, 1925), but only the oocyst was described, and Its size (10-11 
X 10.8-12.5µm) suggests it was not Cryptosporldium (Upton & Current, 1985). 
A classification of coccidla based on the number of sporozoites per sporocyst, and the number of 
sporocysts per oocyst, was produced (Hoare, 1933), In which Cryptosporidium was described as a 
tetrazoic (four sporozoites) asporocystid (having no sporocyst). C. vul i was described in a horse 
(Wetzel, 1938), and oocysts measuring 13.5 X 8µm had the shape and appearance of sporocysts of 
Sarcosystis sp. (Levine, 1984), indicating this organism Is not a Cryptosporidium sp. A number of other 
species were described, and It was discovered that a Cryptosporidium Isolate from calf faeces Infected 
seven different mammals, and it was suggested that there was only one species (TzIpori et al, 1980). The 
number of species Increased to four, on the basis of published cross transmission experiments (Levine, 
1984), and the number continues to increase, with the presence of four species In reptiles (Upton et al, 
1989). 
The first electron microscopy studies showed the Intracellular, extracytopiasmic location of the parasite 
(Hampton & Rosario, 1966), and this was followed by a large number of EM studies In many species 
(Vetterling et al, 1971; Iseki, 1979; Itacura et al, 1985; Marcial & Madara, 1986; Current & Reese, 1986; 
Uni et al, 1987). Despite the fascinating nature of the parasite, there was not substantial Interest In It until 
the 1970's, when the first reports of Cryptosporidium as a cause of scours In livestock animals were 
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made (Barker & Carbonell, 1974; Meuten & van Kriuningen, 1974; Schmitz & Smith, 1975; Morin et al, 
1976; Powell et al, 1976), and infections were demonstrated In an immunocompetent (Nime et al, 1976), 
and an immunodeficient patient (Meisel et al, 1976). There were a number of reports of cryptosporidiosis 
In immunocompromised patients In the following five years, and Cryptosporidium was reported as one 
of the opportunistic organisms found in association with immune deficiency In homosexual men (Mildvan 
et al, 1982). 
The development of Improved techniques for detecting oocysts in faeces (Henriksen & Pohlenz, 1981; 
Baxby & Blundell, 1983; Casemore et al, 1984; Nichols & Thom, 1984) greatly improved the ease of 
detection of Infections, and demonstrated the importance of Cryptosporidium as a cause of diarrhoea 
in immunocompetent people, particularly children (Angus, 1983; Tzipori, 1983; Current et al, 1983; Pitlik 
et al, 1983; Casemore et al, 1985). I believe the paper by Henriksen & Pohlenz is the most important 
paper in the modern literature, as most of the work since then has relied on the ability to detect oocysts 
In samples. It is probably also the most frequently cited paper In the literature. 
In vitro culture was first performed In chick embryos (Current & Long, 1983), and tissue culture (Current 
& Haynes, 1984), although experimental animal Infection was used from the time of first observation 
(Tyzzer, 1910; 1912). 
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Table 1.1.1 Papers on Cryptosporidium 1895-1975 
1895 Clarke Described motile swarm spores In the Intestines of mice. 
1907 Tyzzer Described Cryptosporidium muris growing extracellularly In 
the gastric glands of tame mice. 
1910 Tyzzer Fuller description of C. muris with drawings and 
photographs. 
1911 Leger Cryptosporidium established with its own family. 
1912 Tyzzer Description of C. parvum with drawings. 
1925 Triffit Description of C. crotali in snakes. 
1929 Tyzzer Description of C. parvum In chickens. 
1933 Hoare Produced a classification scheme for all coccidia. 
1938 Wetzel Described C. vulgis in a horse. 
1953 Grasse Classification of coccidiomorphs. 
1954 Bearup Described Cryptosporidium in dingoes. 
1955 Slavin Described C. meleagrldis In the small intestines of turkeys. 
1963 Dubey Described Cryptosporidium from an Indian jungle cat. 
1963 Levine Review of coccidiosis. 
1965 Levine & Ivens Review of coccidia in rodents. 
1966 Hampton & Rosario EM study of Cryptosporidium In the mouse. 
1966 Jervis Described Cryptosporidium in Guinea pigs. 
1968 Anderson Cryptosporidium (now Sarcocystis sp) in snakes. 
1969 Duszynski Described C. ctenosauris from lizards. 
1971 Panciera Described Cryptosporidium In a calf 
1971 Vetterling Described C. wrairl in Guinea pigs. 
1971 Vetterling Uitrastructure of . wrairl. 
1972 Kovatch Describe with EM cryptosporidiosis In two Rhesus monkeys. 
1973 Levine Review of the coccidia 
1974 Barker & Carbonell Described C. aanl in lambs, and C. b vi In a calf. 
1974 Cockerell Described Cryptosporidium in the Intestines of Rhesus 
monkeys, with EM's. 
1974 Meuten Described Cryptosporidium in a calf. 
1974 Proctor Described with EM, C. anserinum in a domestic goose 
1975 Fletcher Described Cryptosporidium in the Bursa of Fabriclus of 
chickens, with EM's. 
1975 Schmitz Reported Cryptosporidium In a5 day old calf 
1976 Meisel et al. Watery diarrhoea In an immunosuppressed patient 
1976 Morin et al. Diarrhoea In calves with Cryptosporidium 
1976 Nime et al. Enterocolitis In an Immunocompetent patient 
1976 Powell et al. Bovine infection 
1977 Bergland Necrotic enteritis In piglets 
1977 Brownstein et al. Gastritis In snakes 
1977 Kennedy et al. Cryptosporidiosis In pigs 
1978 Berg et al. Cryptosporidiosis In sheep 
1978 Hoerr et al. Respiratory cryptosporidiosis In turkeys 
1978 McKenzie et al. Cryptosporldium in snakes 
1978 Moon et al. Cryptosporidium and other agents In calves 
1978 Morin et al. Cryptosporidium and other agents In calves 
1978 Pearson & Logan EM of Cryptosporidium In calves 
1978 Pohlenz et al. EM of Cryptosporidium In calves 
1978 Snyder et al. Cryptosporidium In Immunodeficlent Arabian foals 
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1.1.3 Glossary of terminology 
Anisogamous Organism showing union of morphologically different gametes 
Anisogamy Union of morphologically unalike gametes 
Apical complex Group of structures Including conoid, preconoidal rings, polar ring, 
pellicle, micropores, micronemes and rhoptries 
Apicomplexa Phylum of organisms possessing an apical complex 
Apoptosis Compartmentalisation and repackaging of dying cells 
Asporocystid Having no sporocyst 
Chromatophores Organelles containing pigment 
Cladogram Tree-like diagram showing the evolutionary descent of a group of 
organisms 
Conoid Hollow truncated cone composed of spirally coiled microtubules 
Cyst Resting cells with a protective coat 
Definitive host Host In which the adult parasite develops 
Ectomerogony Asexual reproduction producing two daughter cells, which develop 
by budding from the mother cell 
Endodyogeny Asexual reproduction of two daughter cells within the mother cell 
Endopolygeny Asexual multiplication (internal budding) in which new progeny are 
formed within the parent cell 
Epimerite Prolongation of the protomerite of certain gregarines for attachment 
to a host 
Euryxenous Having a wide host range 
Gametocyst Cyst surrounding two associated individuals in which sexual 
reproduction takes place 
Gametocyte Cell from which a gamete or gametes are produced 
Gametogenesis Gamete formation 
Gametogony Gamete formation 
Gamont A generation or individual producing gametes 
Gamete Haploid reproductive cell produced by sexually reproducing 
organisms 
Heteroxenous Life cycle In more than one host 
Holozoic Obtaining food by Ingestion and digestion In a manner similar to that 
seen In animals 
Homoplasty Resemblance in form or structure between organisms resulting from 
parallel evolution rather than common descent 
Homoxenous Life cycle proceeds completely In a single host 
Hyperplasia An abnormal Increase In cell proliferation 
Hypertrophy Excessive growth due to Increase in cell size 
Intermediate host Host In which parasite lives for part of its life cycle, but in which it 
does not become sexually mature 
Intracystic Inside a cyst 
Isogamous Organism showing union of morphologically similar gametes 
Macrogamete Life cycle stage which fuses with a microgamete to form a zygote 
Merogony Development of normal young of small size from part of an egg In 
which there was no female pronucleus - Formation of merozoites 
Merozoite Infective life cycle stage resulting from schizogony 
Microgamete Smaller of two conjugating gametes, regarded as male 
Microgametocyte Cell producing microgametes 
Micronemes Small structures present in the anterior region of sporozoites and 
merozoites of the Apicomplexa 
Micropores Small feeding pores in the pellicle of meronts and gamonts 
Monomorphic Species In which all Individuals look alike, with little or no change 
from stage to stage, producing spores of one kind only 
Monophyletic Derived from a common ancestor 
Mucron Tipped with a sharp spine VV 
Oocyst Cyst formed around two conjugating gametes 
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Panmictic 
Paranuclear bodies 
Parsimony 
Pertoratorium 
(Acrosome) 
Polar rings 
Polyzoic 
Prepatent period 
Rales 
Rhoptries 
Saprozoic 
Schizogony 
Sporocyst 
Sporogony 
Sporozoite 
Sympatric 
Syngamy 
Syzygy 
Tetrazoic 
Trophozoite 
Zygote 
Mating between individuals (and, therefore association between 
alleles at a locus) occurs at random 
Micronucleus In ciliates, an aggregation of mitochondria In 
spermatids 
The relatedness of organisms based on the principle that recently 
diverged organisms have fewer differences In their DNA than those 
which diverged long ago 
Organelle at the apex of microgametes, containing hydrolytic 
enzymes which and allow penetration of the macrogamete 
Rings within the apical complex 
Colony of many zooids 
Period between Inoculation of parasite Into an animal, and the first 
detection of parasite Infection 
Respiratory sounds indicating unhealthy lungs 
Club-shaped gland like structures found in many genera of the 
Apicomplexa 
Nutrition obtained through absorbing nutrients directly through the 
body wall, these being used directly by the organism 
Asexual division in which the nucleus divides several times before the 
cytoplasm divides 
Resistant cyst with a protective envelope 
Asexual division within a cyst following syngamy 
Infective asexual stage released from the oocyst or sporocyst of 
coccidia 
Evolution of species within the same geographic area 
Sexual reproduction In which two gametes fuse to form a zygote 
Microgamonts and Macrogamonts attached to each other in pairs 
Having four sporozoites 
Asexual stage of a sporozoan parasite 
Product of fusion between two gametes 
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1.2 Life Cycle 
Cryptosporidium species can infect epithelial cells In a variety of body sites of numerous vertebrate 
species, but the ultrastructural details of the life cycle stages appear remarkably similar. The first 
descriptions of Cryptosporidium, showed diagrams of parasite stages in a classical sporozoan life cycle, 
with excystation, merogony, gametogony and sporogony, and Including oocysts, sporozoites, 
trophozoites, merozoites, macrogametes, microgametocytes, microgametes and zygotes (Tyzzer, 1912; 
Wenyon, 1926), and a diagrammatic representation of the Intracellular stages are shown In Figure 1.2.1. 
A similar life cycle based on the stages seen In electron micrographs, gave little new information (fziporl, 
1983), but two types of meront, and two types of oocyst were demonstrated, and a more detailed 
diagram showing the complexity of the life cycle was produced (Current, 1985; Figure 1.2.1). In other 
coccidia (unlike Plasmodium, Theileria and Babesla) the life cycle involves development within a single 
host, with hatching of oocysts and sporocysts within the gut, development of sporozoites within the 
bowel wall to give meronts (merogony), production of gametes from merozoites (gametogony), and 
fusion of gametes to produce oocysts and sporocysts (sporogony) (Levine, 1988). In Cryptosporidium 
ap rvum the life cycle is completed within a single host within 3 days (Current & Reese, 1986). It starts 
with the Ingestion of oocysts, which excyst In the small bowel. The released sporozoites attach to the 
brush border enterocytes, and move inside the host cell outer membrane. As trophozoites they develop 
In this intracellular but extracytoplasmic location, the nucleus dividing two or three times to give six or 
eight type 1 merozoites. These are liberated into the intestinal lumen, where they grow as trophozoites, 
and develop Into type 2 meronts which have four type 2 merozoites. These merozoites again invade the 
brush border, and develop as macrogametes and microgametocytes, which produce 16 microgametes. 
The microgametes fuse with macrogametes, to produce zygotes which synthesise an oocyst wall and 
develop Into oocysts which are excreted in the faeces. 
In coccidial Infections the number of oocysts which are produced from a single Infecting oocyst can be 
calculated, and the severity of infection can be linked to the Infective dose (Long, 1982). This feature has 
been used to develop 'precocious strains' for vaccination purposes (Shirley & Long, 1990), using 
laboratory attenuated Isolates and 'trickle' feeding (Parry et al, 1989). Cryptosporldium also follows a 
developmental cycle In which there is a progression from sporozoite to oocyst. Current & Long (1983) 
suggested that type 1 merozoites may recycle to form more type 1 meronts, because type 1 meronts 
are always more numerous than type 2. They also found two types of oocyst, a thick-walled resistant 
form, and a thin-walled autoinfective form which gives rise to more type 1 meronts. Casemore et al 
(1985) described a life cycle that appears deterministic, progressing from stage to stage In a 
straightforward manner, and also included the thin walled oocyst, which suggests that there is little 
relationship between Infecting dose and oocyst excretion (Figure 1.2.3). Smith and Rose (1990) adopt 
a simplified version of Current's life cycle. Differences in the published life cycles are largely due to 
problems in determining exactly how many generations of merozoites are produced. 
There are a few distinguishing features of the life cycles of different Isolates and species. That of C. m ri 
Is similar to C. parvum except that excystation, merogony, gametogony and sporogony all happen in the 
stomach. Cryptosporidium parvum has two generations of schizonts (meronts) and merozoites (Current 
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Figure 1.2.1 The intracellular stages of the life cycle of Cryptosaoridium sap. 
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Figure 1.2.2 The life cycle of C. parvum proposed by Current (19851 
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The life cycle of human and calf Isolates of Cryptosporidium parvum in experimentally infected mice. (a). 
Sporulated oocyst in faeces; (b) excystation In Intestine; (c) free sporozoite in Intestine prior to 
penetration into the microvillous region of an ileal enterocyte; (d) type I meront (6 or 8 merozoites); (e) 
recycling of type I merozoite; (f) type II meront (4 merozoites); (g) microgamont, with approximately 16 
microgametes; (h) microgamete fertilizes macrogamete (i) to form zygote (j). Approximately 80% of the 
zygotes form thick-walled oocysts (k) which sporulate within the host cell. Almost all thick-walled oocysts 
pass unaltered In the faeces and are the resistant forms that transmit the infection to another host. About 
20% of the zygotes do not form an oocyst wall; their sporozoites are surrounded only by a unit 
membrane (1). Sporozoites within autoinfective, thin-walled oocysts (I) are released Into the intestinal 
lumen (m) and reinitlate the endogenous cycle (at c). 
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Figure 1.2.3 The life cycle of C. parvum proposed by Casemore et al (1985) 
co 5ý 
Diagrammatic representation of the life cycle of Cryptosporidium. Infection starts with Ingestion of an 
oocyst containing four sporozoites (SO). Digestive enzymes probably release sporozoites (S) from 
oocyst. Sporozoite enters an epithelial cell, takes up a pseudoexternal position, and matures Into a 
trophozoite M. Trophozoite feeds and undergoes asexual multiple budding process (schizogony) to 
produce a schizont (SC), which releases merozoites (M). Merozoites Invade other epithelial cells and 
develop into trophozoites M. Once again these undergo schizogony and release merozoites. Merozoites 
of this second cycle of asexual reproduction Infect further epithelial cells but mature Into either 
microgamonts (MI) or macrogamonts (MA) of the sexual cycle. Microgamont produces microgametes 
(MIG) which, on release, fertilise the macrogamont and produce a zygote (Z). Zygote may follow several 
sporogenous developmental routes: it may transform into an oocyst by secretion of a thick wall and 
development of sporozoites, while attached to the host cell (ATOS), before becoming detached (DTOS), 
and passing out of the gut; zygote may secrete a thick wall and oocyst produced may become detached 
(DTO) before development of sporozoites occurs (DTOS); or zygote may develop Into a thin walled 
oocyst (TW) containing sporozoites (S). Thin walled oocysts (TW) may liberate sporozoites, thus 
spreading infection within the host. Microvilli have been omitted from Infected cells for clarity. 
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Life cycle of cryptosporidium 
Asexual I, Sexual I Sporogenous 
& Reese 1986), whereas C baileyl has three (Current, Upton & Haynes, - 1986). In C. baileyl the life cycle 
takes place In the respiratory, and Intestinal tracts (Current & Blagburn, 1990), and the additional meront 
type 3, has eight merozoites, which are smaller than type 1 merozoites. There are size and shape 
differences In oocysts and sporozoites of C. parvum and C. muris (Upton & Current, 1985), and C. baileyl 
(Current et al, 1986). The oocyst stage of C. wrairi in Guinea pigs was not demonstrated (Vetterling et 
al, 1971), but Is present in other Guinea pig studies (Chrisp et al, 1990). In electron micrographs it Is 
difficult to determine whether a merozoite or trophozoite (gamont) is first, second or third generation, 
due to their structural similarity, although size differences, and the number of merozoites produced, have 
been shown using Nomarski microscopy. Future development of specific monoclonal antibodies against 
surface antigens of the various developmental stages may make demonstration of the specific stages 
more accurate, although different types of merozoite may have identical surface antigens. Published 
micrographs of the developmental stages are occasionally incorrectly labelled, and the host specificity 
of the Isolates is rarely fully defined, making accurate species identification impossible. For these reasons 
the following descriptions are generalised to cover all Crvptosporidium spp unless otherwise stated, 
although most ultrastructural studies have been on C. Darvum. 
Like most parasites, there is an asexual and sexual phase in the life cycle, and with Cryptosporidium 
both phases reach completion In the same host (they are homoxenous). The asexual part of the cycle 
starts with the ingestion, inhalation or transmission (in intestinal, respiratory and conjunctival Infection 
respectively) of the resistant oocyst to the host, where local conditions (pH, bile, proteolytic enzymes) 
trigger excystation. The four sporozoites present in each oocyst attach to the brush border of epithelial 
cells, and start developing as trophozoites. The single nucleus divides three times and the cell develops 
Into a type 1 schizont (meront) with 6-8 merozoites. When fully developed, the merozoites are liberated 
and attach to more epithelial cells where they also develop into trophozoites. The nuclei of these 
trophozoites divide twice only, developing Into type 2 schizonts with four merozoites. These merozoltes 
are liberated and attach to more epithelial cells, causing another generation of trophozoites to be 
produced. In C. bailevi type 3 schizonts develop, with eight merozoites (Current, Upton & Haynes, 1986), 
but In C. parvum there are only two generations of schizonts and merozoites (Current & Reese, 1986), 
although type 1 merozoite recycling has been suggested. The sexual phase of the life cycle Is assumed 
to arise from the final generation of type 2 merozoites. The resulting trophozoites develop Into two types 
of gametocytes. The microgametocyte nucleus divides four times and approximately 16 microgametes 
bud off into the parasitophorous vacuole (Goebel & Braendler, 1982, Current & Reese, 1986). The 
macrogamete develops with several different vacuoles which are thought to contain the constituents for 
producing the oocyst wall. The microgametes fuse with macrogametes to form zygotes which mature 
Into either thick-walled or thin-walled oocysts, and thereby complete the life cycle. 
The number of the differentiated stages (schizonts and gametocytes) varies during the course of 
Infection, with type 1 schizonts predominating early In the infection, and type 2 schizonts and 
gametocytes becoming more common later in the infection (Current & Reese, 1986). In a deterministic 
life cycle (Casemore, Sands & Curry, 1985), the zoites (sporozoite, merozoite type 1, & merozoite type 
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2) will give rise to specific schizonts or gametocytes. This gives a life cycle for C parvum as follows: 
Sp-T1 -Si -Ml -T2-S2-M2-T3&T4-G1 &G2-Z-01 &02 
(Sp = sporozoite, T= trophozoite, S= schizont, M= merozoite, G= gametocyte, Z= zygote, 0 = 
oocyst) 
If each of the differentiated stages arises from a distinct trophozoite, it Is possible that ultrastructural 
differences may be demonstrable, although it is unlikely that these will be obvious at an early stage of 
development. If the trophozoites are distinct precursors of the schizonts and gametocytes, they may not 
always arise from the same sporozoite or merozoite type. If we assume that there is one trophozoite 
type per schizont or gametocyte, then there will be 4 or 5 trophozoite types: 
Sp-Tl -Si -Ml -T2-S2-M2-T3-G1 -------Z-O1 &O 
' M3-T4-G2 ' 
M4 - T5 - Si (in C. baile i only) 
It Is unclear whether T1-T4 always arise from the same sporozoites or type 1 or 2 merozoites. There may 
be recycling of type 1 merozoites to give more type 1 schizonts (Current, 1985), so T1 may arise from 
both a sporozoite or a type I merozoite (Current & Reese, 1986). An alternative explanation Is that type 
1 meronts represent two almost Identical types of meront, one with eight merozoites which appears first, 
and one with six merozoites which follows. The merozoites (M2 & M3), which develop Into gametocytes 
(G1 & G2) via trophozoites (T3 & T4), are probably sexually differentiated, If not antigenically distinct, 
from each other. Current & Reese (1986) found type 1 meronts first appeared 8 hours after Inoculation 
of oocysts, and mature type 1 meronts with 8 nuclei (type 1A) first appeared at 16 hours. type 1 meronts 
with 6 merozoites (type 1 B) appeared at 20 hours, type 2 meronts at 24 hours, microgamonts at 36 
hours, and macrogametes at 48 hours. Oocysts were not seen until 72 hours post Infection. 
As other closely related coccidia follow a developmental cycle with no recycling of type 1 merozoites, 
autoinfection may be through the thin-walled oocyst stage excysting to cause reinfection, or through the 
presence of a third meront type, rather than through type 1 meront recycling. As there must be a good 
chance that a proportion of zygotes remain unfertilised, It is possible that thin-walled oocysts result from 
the mitotic division of unfertilised macrogametes. The merozoites resulting from thin walled 'oocysts', 
or sporocysts, would all be female, and could explain the relative paucity of microgametocytes observed 
by some Investigators (Fayer & Ungar, 1986). Alternatively the absence of syzygy In Cryptosporidium 
may result In macrogametes being fertilised before they are fully mature, with the result that they lack 
the amylopectin, and wall forming vacuoles required for producing the thick oocyst wall. 
1.2.1 Sexuality. In published lifecycles of Cryptosporidium, the Issue of sexuality Is not confronted. 
The sexuality of coccidia has been reviewed by Jeffers & Shirley (1982), and It Is believed that all stages 
In the life cycle of coccidia are haploid, with the exception of the zygote (Long, 1982; Levine, 1988). This 
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belief is supported by the microdensitometric quantitation of the amounts of DNA present in various 
stages of Eimeria tenella, which showed half the amount in microgametes than in zygotes (Canning & 
Morgan, 1975). 
Table 1.2.1 The Haploid chromosomes of Coccidia 
Adelina cryptocerci 
Aggregata eberthi 
Barrouxia schneidert 
Cryptosporidium baileyl 
Cryptosporidium parvum 
Eimeria debliecki 
Eimeria maxima 
Eimeria tenella 
Chromosomes Authors Date 
8 Yarwood 1937 
6 Oobell & Jameson 1915 
5 Wedekind 1972 
>6 Mead et al 1988 
>5 Mead et al 1988 
4 Vetterling 1966 
5 Scholtyseck 1953 
5 Scholtyseck 1953 
If the sex determinant is carried on a pair of chromosomes, which by convention are called X (female), 
and Y (male), haploid Individuals must carry either X or Y chromosomes, and all stages except the 
zygote are either 'male' or 'female', or else both male and female genes are present on the same 
chromosome, and sex Is determined developmentally. Kheysin (1972) suggested that sexual 
differentiation happens during reduction division, with half the haploid products male, and half female. 
In most coccidia this would Imply the presence of male and female sporocysts, but In Cryptosporldium 
this difference would apply to the sporozoites, two of which would be male, and two female. If this Is 
the case with Cryptosporidium then a life cycle can be produced which differs from those published to 
date (Figure 1.2.1). Evidence from cloning studies In other coccidia, In which single sporozoites, and 
other stages, can produce Infections which result In oocyst production, Indicates that sex Is determined 
by developmental factors, and all stages are genetically bisexual (Jeffers & Shirley, 1982). Nimes et al 
(1972), and Hammond (1973), found both macrogametocytes and microgametocytes within the same 
cell, and said that this excluded the possibility of environmental factors influencing sexual development. 
Rutherford (1943), and Pellerdy and Durr (1970) showed evidence of phenotypically dimorphic 
merozoites in Eimeria, with macrogametes developing from larger merozoites, and microgametocytes 
from smaller merozoites. In Barrouxia schneidert macrogametes developed from merozoites containing 
more carbohydrate than in those developing Into microgametocytes (Canning, 1962; 1963). It is possible 
that Cryptosporidium type 1 meronts with six or eight merozoites, and type 2 meronts with 4 merozoites, 
could reflect meront sexual dimorphism, although there Is no evidence for one type of meront leading 
to one type of gamete. Sexual development must therefore be either genetically switched, 
developmentally determined or environmentally triggered. The life cycle stage at which sexual switching 
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Figure 1.2.3 The life cycle of Crvptosgoridium if there are separate X and Y chromosomes 
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happens is unclear. 
Cryptosporidium is thought to be distantly related to plasmodium spp. (Johnson et at, 1990), and the 
recent finding of two extrachromosomal elements In this parasite (Wilson et at, 1991), one probably 
mitochondria) and the other of unknown ancestry, suggests that Cryptosporidium probably has one, and 
possibly two extrachromosomal genomes. C. muris has mitochondria (Uni et al, 1987), as may C. Raryum 
(Goebel & Braendler, 1982), and a mitochondrial genome is likely to be present In both. Using AZAP 
and XDASH vectors, part of the mitochondria) ATPase gene has been cloned and sequenced (Dykstra 
et at, 1991). 
1.2.2 The productivity of a single oocyst has been difficult to determine because some stages In the 
lifecycle allow autoinfection, and because the exact details of the life cycle are not fully worked out. If 
one takes the cycle of Casemore (Casemore et at, 1985), there is a continuous development from 
sporozoite to oocyst. A single infecting oocyst could produce a maximum of 4 sporozoites, 32 type 1 
merozoites, and 128 type 2 merozoites. If all the type 2 merozoites became macrogametocytes and 
microgametocytes In a ratio of 50: 50, then there would be a maximum of 64 oocysts produced from the 
original one. This productivity appears insufficient to account for the observed Increase In numbers seen 
in mice (Current & Reese, 1986), and also provides a high ratio of microgametes to macrogametes 
(16: 1). With one round of recycling of type 1 merozoites, or the presence of type 1A meronts with eight 
merozoites, and type 1B meronts with six merozoites, there would be 4 sporozoites, 32 type 1A 
merozoites, 192 type 1B merozoites, and 768 type 2 merozoites. With a 50: 50 distribution of gametes, 
this would give a maximum o 348 o cysts, which is closer to the expected value. This still does not 
correspond with the observed ratio of microgametocytes to macrogametes, and does not correlate with 
the observation that microgametocytes appear 12 hours before macrogametes (Current & Reese, 1986). 
If the type 1B meronts contain six merozoites then It is possible that the life cycle stages are starting to 
sexually differentiate at this stage. To produce six merozoites requires the single meront nucleus to 
divide twice to give four nuclei, and two of the nuclei must divide again, and two remain undivided. It 
Is possible that the dividing nuclei develop into 4 type 2 meronts, and the undividing ones go on to form 
two microgametocytes. This would result in an oocyst yielding 4 sporozoites, 32 type 1A merozoites, 
192 type 1B merozoites, 512 type 2 merozoites, and 64 microgametocytes which would produce 1024 
microgametes to fertilise the 512 macrogametes (Figure 1.2.5). 
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Figure 1.2.5 The life cycle of Cryptosporidium showing the productivity of a single oocyst 
assuming type 1A. and type 1B merozoites. and development of microgametocytes from 216 of 
the type 1B merozoites 
1 oocyst 
4 sporozoites 
4 type 1A meronts 
32 type 1A merozoites 
32 type 1B meronts 
64 'male' type 1B merozoites 
64 microgametocytes 
1024 microgametes 
410 thick-walled oocysts 
128 'female' type 1B merozoites 
512 zygotes 
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512 type 2 merozoites 
512 macrogametes 
102 thin-walled oocysts 
1.2.3 The oocyst of Cryptosporidium is the stage of the life cycle which is resistant to adverse 
conditions. They are passed in large numbers In the faeces of infected individuals, and are widely 
distributed In the environment. Two types of oocyst have been described (Current & Reese, 1986; 
Casemore, Sands & Curry, 1985), a thick-walled one which probably represents the main infectious 
stage, and a thin-walled one causing autoinfection with a restarting of the life cycle. The oocysts of all 
cryptosporidia contain 4 sporozoites (Tyzzer, 1910). The size and shape of oocysts seen by electron 
microscopy depends on their stage of maturity and on the degree of distortion produced by processing. 
Sporogony Is the process by which spores and sporozoites develop from a zygote. In most coccidia 
sporocysts develop within the oocysts after passing out of the host, and sporozoites form within the 
sporocyst. Cryptosporidium Is similar to several genera of coccidia (Alveocystis, Cyrilia, Haemogregarina, 
Lankesterella, Legerella, Pfeifferinella, Schellackia, Spirocystis, Tyzzerla) In not producing sporocysts 
(Levine, 1988). Sporogony Is endogenous in Caryospora, Sarcocystis, Frenkelia and Cryptosporidium, 
but autoinfection occurs only In Cryptosporidium and Caryospora (Fayer & Ungar, 1986). There Is 
debate about whether Cryptosporidium oocysts contain a sporocyst. The oocyst Is functionally similar 
to the sporocyst of other coccidia, which release their sporozoites after the opening of a suture (Current 
& Reese, 1986), and it has been suggested that the sporulated oocysts of Cryptosporidlum should be 
regarded as sporocysts (Boch et at, 1982). For this to be technically correct, the two-layered oocyst wall 
must disappear soon after being formed (Current & Reese, 1986), and Uni et at (1987) showed this 
happens with C. m ri , and they suggest that oocysts contain a two-layered sporocyst wall. 
Detailed ultrastructural studies of all coccidia are technically difficult to demonstrate due to the resistant 
nature of oocysts, which do not readily allow fixatives or resins to penetrate Into their centres (Chobotar 
& Scholtyseck, 1982). 
The oocyst sizes of all reported species of the genus Cryptosporidium are given in Table 1.2.2. 
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Table 1.2.2 Oocyst sizes of the species of Cryptosporidium described in animals 
Species Host Authors Date Oocyst size 
C. agni lambs 
C. ameivae lizards 
C. anserinum geese 
C. baileys chickens 
C. bovis calves 
C. crotali * snakes 
C. ctenosaurius * lizards 
C. cuniculus rabbits 
C. curyl cats 
C. fells cats 
C. fragilis * humans 
C. garnhaml humans 
C. lampropeltis * snakes 
C. meleagridis turkeys 
C. muris mouse 
C. nasoris fish 
C. parvum mouse 
C. rehsi monkeys 
C. serpentis 
C. tyzzerl 
C. vulpis 
C. wrairl 
C. sp 1 
C. sp 2 
C. sp 3 
C. sp 4 
C. sp 5 
C. sp 6 
monkeys 
snakes, chameleon, 
tortoise 
chickens 
horse 
Guinea pigs 
clams 
quail 
lizards 
geckoes 
snakes 
finches 
Barker & Carbonell 1974 Not reported 
Arcay de Peraza & 1969 Not known 
Bastardo de San Jose 
Proctor & Kemp 1974 Not reported 
Current, et al 1986 6.2 X 4.6 µm 
Barker & Carbonell 1974 Not reported 
Triffitt 1925 11-12.5 X 10-10.8 µm 
Duszynski 1969 21.7 X 11.5 µm 
Rehg et al 1979 Not reported 
Oggassawara et al 1986 Not known 
Iseki 1979 5X4.5 
Baxby & Blundell 1988 Not reported 
Bird 1981 Not reported 
Anderson et al 1968 10.9 X 8.1µm 
Slavin 1955 4.5 X 4.0 µm 
Tyzzer 1907 7µm X 5µm 
Hoover et al 1981 3.6 X 3.6 µm1 
Tyzzer 1912 4.5 µm X <4.5µm 
Levine 1980 Not reported 
Kovach & White 1972 Not reported 
Levine 1977 Not reported 
Brownstein et al 1977 3.8 X 3.0 µm 
Upton et at 1989 6.2 X 5.3 
Levine 1961 Not reported 
Wetzel 1938 13.5 X 8.01im 
Vetterling 1971 None found 
Azavedo 1989 Not reported 
Current & Blagburn 1990 5.0 X 4.3 
Upton et al 1989 5.8 X5 
Upton et at 1989 6.3 X 5.6 
Upton et at 1989 6.7 X 5.6 
Lindsay et al 1991 
* Definitely or probably not Cryptosporidium 
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1.2.4 Oocyst excystation Is the process by which the four sporozoites present In each oocyst emerge. 
This can happen In response to trypsin and bile salts (particularly sodium taurocholate) in the intestinal 
tract, or spontaneously (Reduker & Speer, 1985). In vitro, 1.75% sodium hypochlorite eliminates the need 
for these chemicals (Reduker & Speer, 1985), because, it is suggested, this treatment alters the 
permeability of the oocyst wall, allowing oocyst excystation simply by incubating at 37°C. - Oocysts 
treated with sodium hypochiorite had a slightly smoother surface than untreated ones when examined 
by scanning electron microscopy (Reduker, Speer & Blixt, 1985). Excystation Involved the Indentation 
of the oocyst wall, which developed into a cleaved suture spanning 1 /3 to 1 /2 the circumference of the 
oocyst. A dimple was present at either end of the suture, and sporozoites left the oocysts anterior end 
first. Excystation does not occur at room temperature or 4°C, and carbon dioxide Is not required 
(Reduker & Speer, 1985). 
1.2.5 Sporozoites remain viable for long periods within oocysts. Some ultrastructural features can be 
observed In micrographs of oocysts seen developing on epithelial cells (Angus et al, 1985; Barker & 
Carbonell, 1974, Brownstein et al, 1977; Current, 1983; Current & Reese, 1986; Fayer & Ungar, 1986; 
Lindsay et al, 1986; Lindsay et at, 1987; O'Donoghue, 1985; Pohlenz et al, 1978, Reese et at, 1982; Rehg 
et at, 1979; Snodgrass et at, 1984; Stemmerman et al, 1980; Sundberg et al, 1982; Tziporl, 1983; Tziporl 
et al, 1980; Ma, 1987), and in faeces (Angus, 1983; Baxby et al, 1984; Casemore et al, 1985, Current & 
Reese, 1986; Gardiner & Imes, 1984; Snodgrass et al, 1984; Williams et at, 1985). In very few of these 
micrographs Is the magnification or oocyst preparation sufficiently good to clearly make out sporozoite 
ultrastructure, but examination of isolated sporozoltes show a paranuclear body at the posterior of the 
organism which is not seen In merozoites (Bjorneby et al, 1990). The nucleus contains a prominent 
nucleolus, and lies near the posterior end of the sporozoite unlike the type 1 and type 2 merozoites 
which have a central nucleus (Current & Reese, 1986). There are amylopectin-like granules, micronemes, 
rhoptries, endoplasmic reticulum and an apical complex composed of 2-3 preconoidal rings, a conoid, 
and a nipple-like projection at the anterior end. The sporozoite has a continuous outer membrane with 
two inner membranes (Nichols, unpublished). Using scanning electron microscopy, pits were 
demonstrated in the walls of sporozoites (Reduker et al, 1985), and longitudinal striations were present 
(Fig 7) which possibly represent hidden microtubules as visualised in Toxoplasma (Nichols & Chlapplno, 
1987). Living sporozoites are comma-shaped, with a rounded posterior tapering to a pointed anterior. 
They glide in the direction of the curvature, often accompanied by a flexion Into a sigmoid configuration 
(Current & Reese, 1986). Sporozoite morphology and motility, observed using light microscopy, Is 
related to the pH of the solution they are suspended in, and to the presence of taurocholic acid. Lysis 
of sporozoites occurs after 10-15 minutes In a solution below pH 6.2 (Woodmansee, Powell, Pohlenz 
& Moon, 1987). 
1.2.6 Sporozoite attachment to and penetration of epithelial cells has been studied using Nomarski 
microscopy (Current & Reese, 1986; Current, Upton & Haines, 1986) for C. parvum and C. balleyl . The 
zoites probe the microvillous border with rapid extension and contraction of their anterior ends, and 
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short, rapid forward and backward gliding movements, causing indentation of the microvillous border. 
In mice the merozoites squeeze through a constriction in the enterocyte membrane at the point of 
parasite host cell contact (Current & Reese, 1986). A constriction is seen in the merozoite In a 
micrograph of infection in a Guinea pig (Cavia porcellusl (Vetterling, Takeuchi & Madden, 1971), and 
in a rabbit (Orvctolaaus cuniculus), and the parasite appears to pull itself through the membrane (Inman 
& Takeuchi, 1979). This achievement may be effected by parasite membrane capping in a manner similar 
to that demonstrated in lymphocytes (Alberts et al, 1983), using an actin/myosin type mechanism (King, 
1988), or it may be a result of the conoid expanding in diameter and being physically pulled with the 
host membrane by the merozoite microtubules. Using scanning electron microscopy (Inman & Takeuchi, 
1979), freeze fracture transmission electron microscopy (Marcial & Madara, 1986), and thin section 
transmission electron microscopy (Iseki, 1979), microvilli are seen to be fused to the invading 
merozoites. In the final stages of merozoite penetration, a membrane mass may be seen at the posterior 
of the merozoite (Current & Reese, 1986, Fig 29). The nucleus, containing a prominent nucleolus, moves 
towards the posterior of the merozoite, and ribosomes are prominent on the cisternae of the 
endoplasmic reticulum. The anterior end, which was full of micronemes, becomes vacuolated, and the 
plasma membrane of the cryptosporidium fuses with the Invaginated host membrane. An electron dense 
band forms in the host cell cytoplasm at the point immediately beneath the initial site of attachment. As 
the merozoite rounds up Into an early trophozoite, two sets of double membranes surround it. These 
are, from outside to inside, the microvillous membrane, the parasitophorous vacuole membrane, the 
outer parasite membrane and the inner parasite membrane. At this stage there is close contact between 
the membranes and there is only a narrow parasitophorous vacuole. At the junction between the parasite 
and the host cell cytoplasm, the host membrane dissolves, and the parasite plasma membrane 
invaginates to form the attachment organelle, or "feeder organelle" (Marcial & Madara, 1986). The inner 
membrane of the parasite dissolves at the base of the parasite, leaving only the top of the parasite with 
two double membranes. The trophozoite Increases in size and starts to differentiate. 
1.2.7 Trophozoites (uninucleate meronts) have been extensively examined, and most of the electron 
micrographs published have been of this lifecycle stage. It Is not clear whether these micrographs depict 
a single developmental stage, or several different trophozoite stages, which are the undifferentiated 
uninucleate precursors of type 1 and type 2 schizonts, microgametocytes and macrogametes. In the life 
cycle of C. baileyi In chickens, a type 3 schizont has been described, which also has a trophozoite 
precursor (Current, Upton & Haynes, 1986). 
1.2.8 Type 1 meronts develop from sporozoites and, when mature, contain 6-8 merozoites. These lie 
curled up and In direct contact with the parasitophorous vacuole, which is bounded by a double unit 
membrane (Current & Reese, 1986). Using Nomarskl microscopy of intestinal scrapings from infected 
suckling mice, an Immature type 1 meront was seen to have 6 nuclei, and resembled stages drawn by 
Tyzzer (1912). In thin section electron micrographs, 6-8 merozoites can be seen budding off from the 
residuum, which is in close contact with the attachment (feeder) organelle. This process, called 
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ectomerogony (Current et all, 1990), differs from the endodyogeny seen in Eimeria, In which two 
daughter merozoites form within a mother merozoite (Scholtyseck, 1979). At the anterior end of each 
merozoite there is an apical complex, comprised of a conoid with three polar rings, an apical cap, 
intraconoidal microtubules, and the ducts of rhoptries. In the anterior half there are large numbers of 
micronemes stacked in bundles or arranged in zig-zag fashion, and two or more rhoptries. A single 
nucleus appears to be located at the posterior of the merozoite, and there Is a double unit membrane, 
the pellicle, forming the cell boundary. The meronts burst open without an obvious suture or weak point, 
and liberate mature merozoites to infect more cells. 
1.2.9 Type 1 merozoites, liberated from type 1 meronts, are slightly curved, banana-shaped, motile 
organisms, with a centrally located nucleus (Current & Reese, 1986). Purified merozoites visualised by 
TEM showed no amylopectin vacuoles, and no paranuclear body, but these were seen in sporozoites 
(Bjorneby et al, 1990). Merozoites move by flexion and gliding, and attach to cells by probing with their 
anterior ends. Cell penetration, at the attachment site follows, and the merozoites squeeze through a 
constriction In the host cell membrane. During cell entry the nucleus moves towards the posterior, the 
anterior becomes vacuolated, and the merozoite starts to round up. 
1.2.10 Type 2 meronts are similar to type 1, but have four merozoites budding from the residuum, 
which Is in contact with the attachment organelle. The merozoites are frequently arranged lying parallel 
with each other within the parasitophorous vacuole (Current & Reese, 1986), and are directed away from 
the feeder organelle (Crawford & Vermund, 1988). 
1.2.11 Type 2 merozoites are shorter and broader than type 1 merozoites, but are In other respects 
similar. 
1.2.12 Macrogametes develop from trophozoites resulting from type 2 merozoites (Current & Reese, 
1986), and are presumed to be haplold. Macrogametes develop distinct electron lucent vacuoles, which 
probably contain amylopectin (Current & Reese, 1986), and two types of electron dense vacuoles (WF1 
and WF2), which are thought to be composed of lipids, and are involved In forming the oocyst wall. 
From the outside to the Inside of the parasite there are the villous membrane (VM), the parasitophorous 
vacuole membrane (PVM), the outer plasmalemma membrane (OPM), and the parasite cytoplasmic 
membrane (PCM). All the membranes are In close contact with each other at this stage. There Is 
extensive endoplasmic reticulum covered with ribosomes, and a single nucleus. 
1.2.13 Microoametocytes have been studied In detail, and the process of gametogenesis has been 
elucidated (Goebel & Braendler, 1982). They develop from the trophozoites of type 2 merozoites, and 
are easily differentiated from early meronts by the more compact nuclei, and the absence of early stages 
(anlagen) of rhoptries. Mature microgametocytes contain up to 16 microgametes, which are either free 
within the parasitophorous vacuole, or firmly attached to the parasite residuum (Current & Reese, 1986). 
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1.2.14 Microgametes are bullet-shaped (Figure 1.2.6), with a slightly expanded anterior end covered 
with a thickened membrane, and with a fusiform nucleus without a nucleolus surrounded by 
microtubules (Current & Reese, 1986). Goebel & Braendler (1982) observed a polar ring, a beehive 
structure extending from the polar ring for a third of the length of the gamete, an adhesion zone outside 
the outer membrane, and a mitochondrion. The mitochondrion was not clear In micrographs, and has 
not been observed by anyone else In microgametes, or other stages of C. parvum (Current & Reese, 
1986), although they have been seen in C. muris (Uni et al, 1987), they have not been observed In their 
microgametes. Microgametes of Cryptosporidium do not possess the pointed perforatorium, or flagella 
found In other coccidia (Scholtyseck, 1979; Levine, 1988). Jerky forward gliding movement was seen 
In free microgametes, and they were frequently seen attached to, or within macrogametes (Current & 
Reese, 1986). Uni et al (1987) showed that microgametes of C. m ri have a similar structure to those 
of rvum, with 11 microtubules attached to an electron dense ring. The beehive structure seen by 
Goebel and Braendler (1982) was not clearly defined in other micrographs (Current & Reese, 1986; Uni 
et ai, 1987). 
1.2.15 Zygotes (Unsporulated oocysts) are formed after microgametes and macrogametes have fused, 
and their formation does not involve syzygy. There are prominent amylopectin-like bodies, two types of 
wall-forming bodies, clusters of ribosomes, and a single diploid nucleus. There are four membranes 
separating the parasite from the gut lumen, and from outside to Inside these are, the villus membrane 
(VM), parasite vacuole membrane (PVM), outer parasite membrane (OPM), and parasite cytoplasmic 
membrane (PCM), and the oocyst wall develops within these last two. As the wall develops, a third 
parasite membrane (PWM) forms between these membranes, and separates the Inner wall from the outer 
wall. Wall forming bodies (WF1 and WF2) deposit material for wall synthesis. Current & Reese (1986) 
suggest WF1 membranes fuse with PCM and empty their contents between OPM and PCM (membranes 
1&2 In the paper) to form the outer oocyst wall. As WF1 s disappear before WF2s, it Is thought that 
WF2 membranes fuse with PCM (membrane 3 in the paper) and deposit material for the Inner oocyst 
wall between PWM and PCM (membranes 2&3 in the paper). 
1.2.16 Thin walled oocvsts represent about 20% of all oocysts, and have a single unit membrane 
instead of the double wall present in thick walled oocysts. These oocysts are easily ruptured and are 
thought to cause autoinfection, by releasing sporozoites into the gut lumen and initiating further rounds 
of the life cycle (Current & Reese, 1986). Thin walled oocysts could conceivably be the products of 
unfertilised macrogametes, but are more likely to be the result of fusion between macrogametes and 
microgametes before the macrogametes have fully developed their wall forming vacuoles. 
1.2.17 Thick walled oocysts are the environmentally resistant stage of the life cycle, and sporulation 
takes place before they are excreted (Current & Reese, 1986). In fully sporulated oocysts, sporozoites 
lie within the oocyst vacuole, and are not surrounded by a membrane. The oocyst wall has two layers 
which in some micrographs appear to be separated (Current & Reese, 1986; Figure 45), although these 
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Figure 1.2.6 The ultrastructure of a microgamete of Cryptosporidium spp 
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separate walls are not found in other micrographs (Baxby et al, 1984; Nichols, 1991, In this thesis), and 
the OW in Figure 45 appears to be the parasite outer membrane, although it was in mouse faeces, 
where the parasite membrane should not be present. An oocyst vacuole forms, which is in addition to 
the parasitophorous vacuole separating the outer wall from the PVM. 
1.2.18 Electron micrographs of the life cycle. To provide a visual overview of the life cycle of 
C. parvum, electron micrographs were made from tissue of an infected neonatal mouse, provided byAlan 
Curry. The entire life cycle can be seen In Figures 1.2.7-1.2.24, although a good micrograph of a 
sporozoite is not Included, and the micrographs of microgametocyte and microgamete were provided 
by David Blewett. 
Sporozoites emerge from excysting oocysts, and the suture edge curls in (Figure 1.2.7). The sporozoite, 
once attached to the brush border of an enterocyte, develops as a trophozoite (Figure 1.2.8 and 1.2.14). 
The single nucleus has a prominent nucleolus, and the cytoplasm has an undifferentiated appearance. 
The attachment organelle separates the parasite from the host, and the electron dense layer has a grey 
fibrous mat underlying It, and a membrane complex overlying It. At the side of the parasite, where the 
membrane complex attaches to the outer membrane, is an electron dense annular ring which probably 
derives from the zoite conoid. The parasite lies within a parasitophorus vacuole, surrounded by the host 
cell membrane. The first generation of type 1 merozoites develop from a trophozoite's nucleus dividing 
three times, and then the nuclei separating within a schizont (Figures 1.2.9 and 1.2.10). Rough 
endoplasmic reticulum forms, together with electron dense vacuoles which will eventually form the 
rhoptries (Figure 1.2.9). In merozoite development there appears to be a electron dense areas at the 
schizont inner membrane, to which are attached microtubules. These extend to the parasite nuclei, 
which appear flattened and electron dense (Figures 1.2.9 and 1.2.16). The electron dense area appears 
to develop into part of the apical complex. This process of ectomerogony, or budding of merozoites 
from mother cells, produces eight merozoites (Figure 1.2.10), with well differentiated endoplasmic 
reticulum, a single nucleus, electron dense rhoptries, and bundles of micronemes. The merozoites are 
liberated Into the gut lumen (Figure 1.2.11 and 1.2.12), and search for a new site to attach to. The 
penetration process Is complex, Involving a process of chemo-attraction, superficial attachment, and 
discharge of the contents of the rhoptries and micronemes (Figure 1.2.13), with the rapid production of 
an electron dense layer, and fibrous mat. The conoid appears to expand in diameter to form the annular 
ring (Figures 1.2.13 and 1.2.14). There Is a second round of replication, which cannot be differentiated 
from the first round ultrastructurally, but the third round involves fewer merozoites. The nuclei divide 
twice within a type 2 schizont, forming four merozoites (Figures 1.2.15 to 1.2.18). In the transverse 
section of an early schizont, cytoplasmic bulges can be seen next to the nuclei, and individual parasite 
membranes are starting to form (Figure 1.2.15). The merozoites bud off from the mother schizont (Figure 
1.2.16). In this micrograph there are particles within the parasitophorus vacuole which may be viruses). 
The conoid, apical cap, pre-conoidal rings, and rhoptries can be seen in Figure 1.2.18. It Is assumed that 
the sexually differentiated gametes develop from type 2 merozoites. The early macrogametes develop 
prominent amylopectin granules at their sides (Figure 1.2.19), and the parasitophorus vacuole Is reduced 
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at the top of the parasite. This gives a close association between the parasite membrane and the 
parasitophorous vacuole membrane, which makes it possible for the macrogamete to attach and 
penetrate. A membrane forms at the top of the attachment organelle, and this becomes more prominent 
as the macrogamete matures, being attached to the annular ring, and representing the start of oocyst 
wall formation (Figure 1.2.20). The amyiopectin moves into the centre of the macrogamete, and electron 
dense wall forming bodies, and a lipid body are produced. The microgametocyte nucleus divides four 
times to give 16 nuclei, which bud off from the gamete by ectomerogony, forming microgametes (Figure 
1.2.21 and 1.2.22). Microgametes are composed mostly of nuclear material, and have a characteristic 
appearance. It Is often difficult to determine whether or not a macrogamete Is fertilised, and a zygote 
was not demonstrated in this study. Sporozoites develop within maturing oocysts, and If the zygote has 
formed before the oocyst wall forming units have formed, an autoinfective thin walled oocyst is formed 
(Figure 1.2.23). A zygote formed from a mature macrogamete will develop Into a thick walled oocyst, 
which Is fully sporulated when passed in the faeces, and which can infect other hosts (Figure 1.2.24). 
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Figures 1.2.7-1.2.24 Electron micrographs of the life cycle of C parwm 
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Figure 1.2.13 Merozoite attachment 
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Figure 1.2.20 Mature macrogamete Figure 1.2.19 Earle macrogamete 
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1.3 The Ultrastructure of Cryptosporidium shows features that make it a true member of the 
Eimeriorina Leger 1911, In the phylum Apicomplexa Levine 1970 (Levine, 1988). Despite these common 
characters there are a number of features which are uncommon, and probably reflect the unusual 
lifestyle of this Intracellular but extracytoplasmic organism. 
There are also significant ultrastructural differences between rvm and C. murls (Uni et al, 1987). 
There has been debate about the Interpretation of many of the details seen in electron micrographs of 
the life cycle stages, often because the appearance of both small and large scale ultrastructural features 
can change, depending on the plane at which the parasite is sectioned (Figure 1.3.1), and are most 
clearly seen when sectioned at right angles (Weakley, 1981). Other features are only clearly visible in 
some sections, for example the longitudinal ridges seen In C. muris (Uni et al, 1987). 
1.3.1 The Intracellular. extracytoplasmic position of the parasite at the brush border of epithelial 
cells was first shown by Hampton & Rosario (1966), and has been confirmed by others (Vetterling et al, 
1971; Marcial & Madara, 1986). This location has been thought to be Important for the easy release of 
the parasite into the Intestinal lumen, and possibly for Its nutrition (discussion at Moredun meeting, 
1988). 
1.3.2 Membranes form an essential part of all cellular organisms, and In Cryptosporidium are found 
In complex layers In most stages of the life cycle (Marcial & Madara, 1986). Unit membranes can be 
seen in electron micrographs as lipid bilayers, providing the section Is cut at right angles to the 
membrane. 
1 . 3.3 Membrane ownership, or origin 
is difficult to elucidate, and although which membranes are 
continuous with which Is now quite well understood ultrastructurally (Hampton & Rosario, 1966; 
Vetterling et al, 1971; Marcial & Madara, 1986), there is little experimental evidence for saying whether 
parasite or host molecules make up the membranes. The number of membranes surrounding the 
parasite fluctuates throughout the life cycle. The outer two membranes on the lumen side of the parasite 
are thought to be of host origin, and In C. muris the host origin of these membranes is more obvious (Uni 
et al, 1987). 
1.3.4 Pellicle is the term used for the two or three unit membranes forming the cell boundary of the 
sporozoites and merozoites of apicomplexans (Scholtyseck, 1979), and consists of an outer membrane, 
the plasmalemma (OM), and an inner membrane complex comprising a middle membrane (MM), and 
an inner (cytoplasmic) membrane (IM), separated by an electron lucent area 15 to 20 nm (Chobotar & 
Scholtyseck, 1982). These are linked at the anterior end by the polar ring complex, and at the posterior 
end by a posterior polar ring, whereas the plasmalemma surrounds the whole cell. Using freeze fracture, 
there are three partition planes in the pellicles of apicomplexans, with six cleavage faces. The 
arrangement of intramembranous particles (IMP) is random within the OM, but forms an 
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Figure 1.3.1 Interpretation of the ultrastructure of Cryptosaoridium spp. 
Effect of the plane of sectioning on the appearance of intracellular stages. The numbers indicate the 
appearance of the organism in a particular plane. 
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Figure 1.3.2 The apical complex of Cryptosooridium parvum zoites. 
Apical cap 
Preconoidal rings 
Conoid 
f 
Polar rin 
Intraconoidal 
microtubules 
_ 
Intra-pellicular 
_ 
microtubules 
Rhoptries 
Micronemes 
Inner membrane 
complex 
Plasmalemma 
rý, 
{ 
40 
8+1 ordered pattern or rosette (Chobotar & Scholtyseck, 1982) at the apical cap, which Is a round, 
knob-like protrusion at the tip of the apical complex. Both the rosette, and the rest of the apical cap 
probably play a role in chemotaxis, adhesion and cell penetration (Chobotar & Scholtyseck). The cap 
has a single unit membrane, and in some coccidia there is a central pore underlying it. The apical cap 
can be seen In electron micrographs of Cryptosporidium (Bird & Smith, 1980; Fig 7b). The rosette has 
not been observed in micrographs of Cryptosporidium. 
The Inner membrane complex of apicomplexans is composed of strips or plaques of membrane fitted 
together like a jigsaw puzzle. It Is suggested that these plaques develop from flattened vesicles, which 
form during merogony as crescent-shaped segments, each associated with a pair of subpellicular 
microtubules (Chobotar & Scholtyseck, 1982). The plaques are arranged in a helical pattern, start at the 
anterior end at the polar ring, and end at the posterior end with the posterior polar ring. There are half 
the number of rows of plaques as there are subpellicular microtubules, and this number varies from 
species to species. On the fracture face of the IM there are IMPs distributed In regular rows in an 
anterior-posterior spiral configuration, with two rows, corresponding to the position of underlying 
subpellicular microtubules, having twice the number of particles (Dubremetz & Torpier, 1978). 
The anterior two thirds of the pellicle have microtubules In close association with the inner cytoplasmic 
membrane (Nichols & Chiappino, 1987). The pellicle of type 2 merozoites of Cryptosporidium can be 
seen in Fig-36 of the paper by Current & Reese (1986), with what appear to be two membranes, 
separated by about 24 nm, but in some micrographs three membranes can be seen (Bird & Smith, 1980; 
Figure 7b), and the resolution of only two membranes Is possibly due to the closeness of membranes 
In the inner membrane complex. In an intracellular stage of C. arvm, the outer membrane P fracture 
face had a similar IMP distribution to that of the host enterocyte (Marcial & Madara, 1986). 
1 . 3.5 Longitudinal ridges were seen 
in the pellicle of C. murls, and were under the outer membrane 
and attached to the outer surface of the middle membrane (Uni et al, 1987). These may be microtubules 
or membrane structures, and have not been demonstrated in C. parvum, but In distribution they resemble 
the sub-pellicular microtubules of other coccidia (Nichols & Chiappino, 1987). 
1.3.6 The nuclear membrane of apicomplexans are indistinguishable from those of other eukaryotes 
(Scholtyseck, 1979), and contain Inner and outer unit membranes linked by nuclear pores. The 
perinuclear space between these membranes links to the rough endoplasmic reticulum. The Inner 
membrane Is In intimate contact with the nuclear lamina which binds chromatin to It (Alberts et al. 1983). 
These details of nuclear membrane structure can be seen in the micrographs of Vetterling et at (1971). 
Prominent nuclear pores were demonstrated In cross section In a micrograph of C. m ri (Uni et at, 
1987). 
j3.7 Micropores are punctate Invaginations in the plasmalemma, where the cytoplasmic membrane 
is thickened to form a cylindrical structure. One or two micropores are usually present in Sporozoites 
and merozoites, and the number of micropores may be related to parasite surface area. The micropores 
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may function as cytosomes, forming food vacuoles (Chobotar & Scholtyseck, 1982). They are common 
In most stages of the life cycle of Apicomplexa (Scholtyseck, 1979), but have not been demonstrated 
in any life cycle stages of C. parvum (Current & Reese, 1986), although one has been demonstrated In 
a meront of C. muris (Uni et all, 1987). 
1.3.8 The attachment organelle (Tyzzer, 1907; 1910; Hampton & Rosario, 1966), attachment zone 
(Vetterling et al, 1971; Pearson & Logan, 1983) or feeder organelle (Pohlenz et al, 1978; Goebel & 
Braendler, 1982; Current & Reese, 1986), is a complex of membranes and a fibrillar structure (Marcial 
& Madara, 1986). The structure of the organelle in C. parvum (Current & Reese, 1986) differs significantly 
form the larger C. muris (Uni et al, 1987) in having a less Intricate series of membrane folds. Sections 
taken vertically through it show a highly invaginated membrane within the parasite, and an electron 
dense band just below the parasite cell Interface (Marcia) & Madara, 1986). Sections taken through the 
plane of the organelle show a whorled membranous structure, which has been misidentified as host cell 
vacuoles (Lefkowich et al, 1984). A vacuole structure, which Is in some ways similar to this organelle, 
although apparently simpler, was demonstrated in the gamont of the gregarine Didvmoohves gigantea 
which develops attached to epithelial cells in the lumen of Oryctes nasicornis (Hildebrand, 1978; 
Scholtyseck, 1979). 
1.3.9 Attachment organelle membranes differ In C. parvum (Current & Reese, 1986) and C. muris 
(Uni et al, 1987), with C. muris having more extensive folding. It is suggested that these membranes show 
endocytosis (Vetterling et al, 1971), and are Involved In importing nutrients from the host cell (Marcial 
& Madara, 1986), but may also be Involved in energy generation through electron transport. Vetterling 
et al (1971) showed two dense bands which could fuse, becoming a single dense band underlying the 
attachment organelle, and separating the parasite from the host cell (Marcial & Madara, 1986). In some 
micrographs this band appears striated (Vetterling et al, 1971), with serrations In these membranes with 
a periodicity of 16 nm. 
1.3.10 Annular ring material is present at the site of attachment where the parasite outer membrane 
joins the parasitophorus vacuole membrane. It is visible as electron dense material In C. ap rvum (Current 
& Reese, 1986), and C. muris (Uni et at, 1987), and may represent residual material, or a residual 
structure, derived from the sporozoite or merozoite apical complex. 
1.3.11 Fibrillar structures or microfilaments are seen at the base of the dense zone within the host 
cell, and are thought to be of host origin (Bird & Smith, 1980). The zone in which the fibrillar structure 
Is present does not contain any microvilli rootlets, and appears to be an area of modified host cell 
cytoskeleton (Marcial & Madara, 1986). 
1.3.12 Nucleus structure In Cryptosporidium is like that of other coccidia (Current & Reese, 1986), and 
is presumed to be haploid (having a single set of chromosomes) with the exception of the zygote, which 
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Is diploid until the reduction division which gives rise to the sporozoite nuclei. 
1.3.13 Nucleolus size varies throughout the life cycle of Cryptosporidium (Vetterling et al, 1971), and 
Is thought to be the site at which the nuclear synthesis of ribosomes takes place (Alberts et at, 1983). 
There Is no nucleolus in microgametes, although there are ribosomes throughout the fusiform nucleus 
(Goebel & Braendler, 1982). 
1.3.14 Centrioles In coccidia are involved in mitosis and the formation of flagella in microgametes 
(Scholtyseck, 1979). No clear micrographs of centrioles In Cryptosporidium have been published. 
1.3.15 Centrocones are conical shaped protrusions of the parasite nucleus at the site of centrioles, 
which are visible at the start of mitosis (Scholtyseck, 1979). Clear micrographs of these have not been 
published for Cryptosporidium. 
1.3.16 Intra-nuclear dense granules have been seen In some coccidia (Scholtyseck, 1979), have not 
been described in C. parvum, but are present in C. muris (Uni et al, 1987). 
1.3.17 Intra-nuclear fibrils, resembling a spindle apparatus, appear in sporozoan species during 
mitosis (Schoityseck, 1979), but have not been demonstrated in Cryptosporidium. 
1.3.18 Paranuclear body. Using electron microscopy, an electron dense body was found lying 
between the nucleus and pellicle, at the posterior end of C. 12arvurn but not merozoites, 
(Bjorneby et al, 1990). The function of this structure is unclear. 
1 . 3.19 
The apical complex comprises a group of fine structural organelles which are characteristic 
of the phylum Apicomplexa (Levine, 1970). They include the pellicle, polar rings, preconoidal rings, 
micropores, conoid, micronemes and rhoptries (Levine, 1988). 
1.3.20 Polar ring complex Is an osmiophilic thickening of the Inner pellicle, together with a cogwheel 
structure to which subpellicular microtubules are attached. The complex lies In close association with 
the conoid (Nichols & Chiappino, 1987), and may contain two rings (Chobotar & Scholtyseck, 1982). 
The ring Is thought to play a role as a supporting structure for the cell opening, In the movement of the 
conoid, and as an attachment site for the microtubules (Scholtyseck, 1979). A posterior polar ring may 
be seen In young merozoites, and Is the site where daughter cells separate from the mother cell. 
Although these are common features of coccidia, they have not been demonstrated ultrastructurally In 
C. parvu (Current & Reese, 1986) or C. muri (Uni et al, 1987). Goebel & Braendler (1982) consider 
microgametes to have a polar ring which acts as an attachment site for the microtubules. A ring-like 
structure with attached microtubules seen in a micrograph of a C. arvum meront (Marcial & Madara, 
1986), may be a polar ring. 
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1.3.21 Preconoidal or conoidal rings occur In many coccidia in a position anterior to the conoid, and 
are, together with the conoid, occasionally covered by a membrane (Scholtyseck, 1979). In arvm 
(Current & Reese, 1986), and C. muris (Uni et at, 1987) there are three preconoidal rings, rather than the 
two found In many coccidia (Scholtyseck, 1979). The anterior-most polar ring is thought to be the 
attachment site for the Intraconoldal microtubules, or a microtubule organising centre (Nichols & 
Chiappino, 1987). 
1.3.22 The conoid Is a hollow cone-like structure at the apical pole of most members of the phylum 
Apicomplexa, but Is not present In haemosporinds and piroplasms (Scholtyseck, 1979). It was first 
observed by Gustafson et al (1954) in Toxoplasma aondii,. and probably acts as an organelle for 
penetrating host cells, possibly by protrusion (Scholtyseck, 1979). There are spirally arranged fibrillar 
elements 25-30 nm In diameter, which are probably microtubules (Chobotar & Scholtyseck, 1982), and 
the number of elements varies between species. In T. gondii the conoid can be seen In a retracted 
position, with the polar ring complex, Including attached microtubules, at the anterior of the conoid 
rather than at its usual position near the posterior, Indicating that the conold can move relative to the 
polar ring. Inside the conold there Is a small projection reaching from a rounded prominence on the 
inner surface of the conoid to an electron dense matrix surrounding the two intraconoidal microtubules 
(Nichols & Chlappino, 1987). 
in Cryptosporidium, the conoid can be seen in micrographs of C. parvum (Current & Reese, 1986) and 
C. muri (Uni et al, 1987). 
1.3.23 Two intraconoidal microtubules attached to the anterior most preconoidal ring are seen in 
coccidia; and they extend for a short distance into the cytoplasm, probably attaching to the rhoptries 
(B. Nichols, personal communication). Two such microtubules passing Inside the conold have been seen 
in C. ap rvum (Current & Reese, 1986). They appear to accompany rhoptries, and to extend to the front 
of the first preconoidal ring. 
1.3.24 Micronemes are small dense osmiophilic structures, present In the anterior half of sporozoites 
and merozoites of the Apicomplexa, and were first seen by Gustafson et al (1954), and were named 
micronemes by Jacobs (1967). They appear unconnected to each other in freeze fracture studies, but 
are probably involved In the production of the osmiophilic material secreted by the rhoptries during cell 
penetration (Chobotar & Scholtyseck, 1982). In C. parvum merozoites, micronemes are stacked in a zig- 
zag fashion (Current & Reese, 1986), and In C-muris about 40 micronemes were seen in longitudinal 
sections of merozoites (Uni et al, 1987). 
1 . 3.25 
Rhontries (Senaud, 1967) are electron dense club-shaped structures, present In the anterior 
third of sporozoites and merozoites of all apicomplexans, and usually occur In pairs. They taper to a 
narrow 'neck' where they extend into the apical complex, probably acting as secretory ductules 
(Scholtyseck, 1979). They may be present in large numbers In some coccidia, but there are about two 
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in C. parvum (Current & Reese, 1986) and C. muris (Uni et al, 1987). Rhoptries appear to develop from 
electron dense vacuoles (I suggest rhoptosomes), and the ducts are often absent in micrographs. 
1.3.26 Vacuoles are present in most of the developmental stages of Cryptosporldium, but the contents 
of these vacuoles have not been identified biochemically. 
1.3.27 Parasitophorus vacuole is electron lucent, and occupies over half the volume of the total 
parasitic mass in some stages of the life cycle. The vacuole, and the attachment organelle separate the 
developing parasite from the host cell and its membranes. Parasitophorus vacuoles are not present in 
sporozoites, merozoites or microgametes, and are possibly not present in unfertilised macrogametes. 
1.3.28 Oocyst vacuole Is the space between the oocyst wall and the sporozoites, or the membrane 
surrounding them. It is electron lucent and resembles the parasitophorus vacuole. 
1.3.29 Intravacuolar tubules are commonly seen in coccidia (Scholtyseck, 1979), and have been 
described in C. muris (Uni et al, 1987), but their function remains unclear. 
1.3.30 Amylopectin-like bodies are electron lucent and are surrounded by a single unit membrane. 
They are common in the macrogametes of coccidia, and in the posterior portion of merozoites 
(Scholtyseck, 1979). In Cryptosporidium the amylopectin is found mostly In the macrogametes, zygotes 
and residual body of developing oocysts (Current & Reese, 1986). 
1.3.31 Glycogen like particles have been observed in microgametes of C. oarvum (Current & Reese, 
1986), although they have not been biochemically confirmed. 
1 . 3.32 Wall-forming 
bodies (WF1 & WF2) present In most coccidia (Chobotar & Scholtyseck, 1982), 
are thought to be responsible for depositing material for oocyst wall production. WF1 Is membrane 
bound, and fuses with the parasite cytoplasmic membrane, emptying Its contents Into the space between 
the parasite cytoplasmic membrane and the outer parasite membrane (Current & Reese, 1986). WF2s 
are thought to fuse with the parasite cytoplasmic membrane after WF1 s have disappeared, and 
presumably deposited their material (Current & Reese, 1986). Both WF1 and WF2 can be clearly seen 
in C. r arvum (Current & Reese, 1986), and in C. meleagridis (Itakura et al, 1985). 
1 . 3.33 Lvsosomes and peroxisomes have not been observed in Cryptosporidium. 
1.3.34 Mitochondria have not been seen In C. parvum by a variety of investigators, but have been 
unequivocally demonstrated in the merozoites of C. murls (Uni et al, 1987). They contain tubular cristae 
and are bounded by a double membrane. Goebel & Braendler (1982) reported mitochondria In the 
microgametes of C. parvum, but these have not been demonstrated in other electron micrograph studies 
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(Current & Reese, 1986). 
1.3.35 GoIQI bodies can be seen as lamellar and vesicular structures, without ribosomes on their 
surfaces, found adjacent to the nucleus of coccidia (Scholtyseck, 1979), and are required for the post- 
translational modification of peptides (Alberts et at, 1983). Golgi membranes have been demonstrated 
In C. parvum In man (Bird & Smith, 1980), and in guinea pigs (Vetterling et al, 1971), but Current & Reese 
(1986) could not detect them, and described their absence as a feature distinguishing them from other 
true coccidia. Uni et al (1987) demonstrated Golgi in the larger C. muris, and the difficulty in detection 
in C. parvum may be due to the smaller size of this organism and its organelles. 
1.3.36 Endoplasmic reticulum covered with ribosomes (Rough ER) Is not present in mature 
sporozoites and merozoites, in microgametes, or in early trophozoites, but Is seen in developing meronts 
and macrogametes of Cryptosporidium spp (Vetterling et al, 1971). 
1.3.37 Microtubules of the Apicomplexa are involved in movement, and most are attached to a 
cogwheel structure which forms part of the polar ring (Nichols & Chiappino, 1987). These microtubules 
are closely associated with the Inner surface of the pellicle, and usually extend 2/3 of the length of the 
parasite (Scholtyseck, 1979). In most cyst-forming coccidia there are 22 microtubules (Frenkelia, 
Besnoita, Sarcocystis, Toxoplasma & Hammondia), but Elmeria can have up to 70 (Chobotar & 
Scholtyseck, 1982). The microtubule filaments are approximately 20 nm in diameter and are similar to 
those seen in plants and animals, being composed of about 12 longitudinally arranged protofilaments 
made from repeating subunits in transverse or helical rows. The microtubules have a striated appearance 
in micrographs (Chobotar & Scholtyseck, 1982). In transverse sections of C. m ri there were 7-13 
subpellicular microtubules, which were not evenly distributed around the merozoite (UnI et al, 1987), and 
subpellicular microtubules which end at the polar ring have also been demonstrated In C. parvum (Nime 
et al, 1976). In microgametes of C. murls there were 11 microtubules extending for the length of the 
organism, from an anterior attachment site (Uni et al, 1987). This attachment site In C. arvum was 
considered to be a polar ring (Goebel & Braendler, 1982). 
1 . 3.38 
The parasite surface has been examined using scanning electron microscopy (Pearson & 
Logan, 1983; Inman & Takeuchi, 1979), and freeze fracture (Marcial & Madara, 1986). In stages attached 
to enterocytes there Is a fusion of the microvilli with the parasite (Pearson & Logan, 1983; Inman & 
Takeuchi, 1979; Marcial & Madara, 1986). 
1.3.39 The oocyst wall Is a four-layered structure, with an electron dense inner and outer zone to the 
inner layer, a thin electron lucent layer, and an electron dense outer layer (Reduker et al, 1985; Fayer 
et al, 1990). 
1.3.40 The oocyst wall suture is similar to that of the sporocyst wall of other coccidia. It runs half way 
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round the oocyst and the wall is thicker at this point. During excystation, electron lucent bands develop 
to either side of the suture and there is a central electron lucent band with electron dense filaments 
passing through it (Reduker et al, 1985). It is suggested that the oocyst may be a sporocyst, or a 
sporocyst covered with a thin oocyst wall, because no other coccidia have oocysts with sutures 
(Reduker et al, 1985). 
1.3.41 Flagella are seen in the microgametes of other coccidia, but are not present in the 
microgametes of C. parvum (Goebel & Braendler, 1982), or C. muri (Uni et al, 1987), although Goebel 
& Braendler suggest that the beehive structure in their micrographs of microgametes may represent 
residual flagella. These structures have not been demonstrated in other ultrastructural studies of 
Cryptosporidium. 
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1.4 Classification. taxonomy. and evolution of Cryptosporidium has been described in a high 
percentage of reviews of cryptosporidiosis, but is poorly understood. 
1.4.1 The ancestral origin of the genus Cryptosporldium. Cryptosporidium spp. occur In most 
vertebrate phyla (fish, reptiles, birds and animals), suggesting either that the genus existed at a time 
before land animals first emerged, that is at least 200-400 million years old, or else that it originated 
much later, developing In a single vertebrate from whence it radiated to Infect all vertebrate genera. 
Landau suggested in 1874 that the Apicomplexan parasites of vertebrates, infecting both Intestinal and 
extraintestinal sites, originated from organisms Infecting the coelomic cavity, and other mesoblastic 
tissue, of Invertebrates (Levine, 1988). The apparent absence of CrvDtosgoridium spp. In Invertebrates, 
with the exception of one Incorrect report In Portuguese clams (Azevedo 1989), Indicates that 
Cryptosporidium or its ancestral precursor probably originated from an Apicomplexan, which had 
evolved within the gut of a vertebrate, to an extent that it could no longer Infect invertebrates. Levine 
(1988) suggested marine polychaetes as the most likely original hosts of the ancestral first 
apicomplexan, it possibly originating from a dinoflagellate. This argument Is supported by the 
misidentification of Selenocystis foliata (a primitive gregarine), as a dinoflagellate found In a marine 
polychaete (Levine, 1988). Perkinsus marinus, a parasite of American oysters (Perkins, 1976), which has 
an Incomplete conoid, and flagella on its zoospores, may represent a connecting link (Levine, 1988). The 
polychaete origin Is also supported by the presence of primitive coccidia and primitive gregarines In 
living polychaetes. It is thought that the gregarines passed from polychaetes to other Invertebrates, and 
the coccidia developed predominantly In vertebrates (Table 1.4.1). 
Table 1.4.1 Hosts Reported for Named Apicomplexans (Levine. 1988) 
Gregarines Hemogregarines Coccidla Haemosporlds Piroplasms 
Mammals +++++++ 
Birds -+ ++ +++ + 
Reptiles ++++++ +/- 
Amphibians 
_++ 
+/- +/. 
Fish ++ ++ +/- + 
Invertebrates +++ +/. ++- 
No Host Species Described 
+/- - 1-10 Host Species Described 
+- 11-100 Host Species Described 
++- 101-500 Host Species Described 
+++-> 500 Host Species Described 
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There Is good evidence that Cryptosporidium belongs within the suborder Eimerlorina (Barta, 1989). 
Some of the other elmeriorin genera complete part of their life cycle In Insects (Schellackia, 
Lankesterella) and molluscs (Agregata), but Cryptosporidium completes its cycle In a single host. The 
predominant disease presentation In mammals is Intestinal Infection (Angus 1988), whereas respiratory, 
bursal and Intestinal cryptosporidiosis occurs commonly In domestic poultry, and other birds (Blagburn 
1988), and gastric Infection Is common In reptiles (Upton et all, 1989). Some animal species do not 
appear to suffer disease associated with the Infection, but many do, and it is reasonable to assume that 
the organism has caused disease throughout its history. 
Evidence from phylogenetic analysis of rRNA sequences of Naealerla sp. R shows variation at the same 
level as that between terrestrial vertebrates (man and frog), and emphasises that a genus of protists is 
not necessarily equivalent to a genus of mammals (Johnson & Baverstock, 1989). Morphologically similar 
organisms may have diverged a long time ago, and may be very different at the genomic and 
biochemical levels. 
1.4.2 Species are real biological groupings, and not merely artifacts of a classification system (Mayr, 
1988). They are populations of organisms that form a reproductive community In a defined geographical 
area, and geological time, and constitute a genetic, ecological, evolutionary and taxonomic unit. 
Individuals of a species have similar general features, but differ from each other In Individual characters 
and genes. In nature, populations do not usually Interbreed with organisms belonging to different 
species. Species within the genus Cryptosporidium have most usually been named after the host 
organism In which they were first found, from C. muris (Tyzzer, 1907), to C. nasori (Hoover et al, 1981), 
with C. pgrvu (Tyzzer, 1912), C. tyzzeri (Levine, 1961), C. garnhaml (Bird, 1981), and C. baileyl (Current 
et al, 1986), being the exceptions. The linking of species of Cryptosporidium to their hosts, by name, 
was reduced by the single species hypothesis (Tziporl et al, 1980), which suggested that there was only 
one species, this being based on cross transmission experiments and antibody levels In a variety of 
animals. Levine (1984) extended these to four, but this classification relied heavily on published cross 
transmission experiments, which demonstrated the host range of particular isolates. It Is quite possible 
that there are several species of the same size and shape, with Identical host ranges, but until a good 
set of taxonomic characters are produced, it is convenient to assume that rv m Is a single species. 
1.4.3 Crvptosporidium muris (Tyzzer, 1907; 1910) was first demonstrated in the gastric glands of 
mice. Upton and Current (1985) demonstrated the presence of a similar organism in cattle, and 
Anderson (1987) found abomasal cryptosporidiosis in cattle, with Infection of the peptic glands. Popischil 
et al (1987) found abomasal cryptosporldiosis in mountain gazelles with chronic weight loss. Anderson 
(1988) described characteristic features of abomasal cryptosporidiosis In cattle: 
1. The organism affects newborn to adult cattle. 
2. The site of Infection is the peptic gland, with all glands Infected in some specimens examined. 
3. Oocyst shedding can span many months. 
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4. Glands are dilated (as In mice) and there Is hypertrophy of the gastric mucosa, but gastritis Is not 
present. 
5. A severely affected abomasum may be 2-3 times the weight of age matched controls, with larger 
mucosal folds. 
6. Weight gains may be average or below average. 
7. Plasma pepsinogen concentrations in cattle Infected with C. muris were twice those of controls on 
average. 
Of 12,069 smears of cattle faeces examined by acid fast staining and 'hasty perusal' (4-6 seconds), 172 
animals were positive (1.42%). A farm with relatively poor management had an Incidence of 5%. Infection 
was less prevalent In milking cows and weaned calves than In non-milking cows, and pregnant first calf 
heifers, suggesting that stressed animals are more likely to shed oocysts (Anderson, 1988). The 
organism described as C. muris by Anderson, and Upton & Current, may not be the same organism as 
the C. muris described by Tyzzer (1910) in mice, because bovine Isolates would not cause infections In 
mice (Anderson, 1991), although a similar organism found in a camel did. A Japanese Isolate of C. muris 
has been examined (Yoshikawa & Iseki, 1991), and experimental Inoculation has shown this Isolate will 
infect mice, guinea pigs, rabbits, dogs, and cats (Iseki et al, 1989), but will not infect experimentally 
Inoculated adult humans (Iseki, personal communication). I 
1.4.4 C. parvum (Tyzzer, 1912) was first described In mice and rabbits, and has been demonstrated 
in a wide selection of animals, including humans (Current & Blagburn, 1990). There may be colonisation 
at any site along the gastrointestinal tract (Tziporl, 1985; Fayer & Ungar, 1986), although the small 
Intestine Is the location most usually Infected. The characteristic features of Intestinal cryptosporldiosis 
caused by C. arvum are: 
1. The organism Infects newborn mammals. 
2. Natural resistance to infection and disease Increases with age. 
3. Oocysts are shed for days or weeks. 
4. There Is villus stunting and malabsorption. 
5. There Is reduction In weight gain In symptomatic animals. 
6. Infection may be asymptomatic. 
7. Immunodeficiency causes chronic infection. 
1.4.5 C. aanl (Barker & Carbonell, 1974) was demonstrated in the small intestine, particularly the ileum, 
of scouring lambs (Ovis aries), and this organism Is now thought to be synonymous with C. parvum 
(Levine, 1984). 
1.4.6 C. bovis (Barker & Carbonell, 1974) was demonstrated in the small intestine of a scouring calf 
(Bos taurus), and this organism Is now thought to be synonymous with Cparvum (Levine, 1984). 
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1.4.7 C. felis (Iseki, 1979) was described In great detail in the small Intestine of asymptomatic cats, but 
is now widely regarded as being synonymous with C. parvurn (Levine, 1984; Current & Blagburn, 1990). 
1.4.8 C. cuniculus (Inman & Takeuchi, 1979) was found Infecting the ileum of an asymptomatic rabbit 
(Oryctolagus cuniculus), and caused villus blunting, a reduced villus/crypt ratio, and mild oedema In 
the lamina propria. It Is probably the same organism seen by Tyzzer (1912) In a rabbit, and Is now 
regarded as being synonymous with C. parvum (Levine, 1984). 
1.4.9 C. aarnhami (Bird, 1981) was the name given to Cryptosporidium detected in humans (Homo 
sapiens), but the name is now widely regarded as synonymous with C. garvum (Levine, 1984; Current 
& Blagburn, 1990). 
1.4.10 C. rhesl (Levine, 1981) was the name coined for Cryptosporidium demonstrated in rhesus 
monkeys (Macaca mullata), but this organism is now regarded as synonymous with C. Ugrvum. 
1.4.11 C. wrairl (Vetterling et al, 1971) was described in the ileum of Guinea pigs (Cavla porcellus), 
which developed chronic enteritis when heavily Infected, but no diarrhoea, and oocysts were not 
detected (Jervis et al, 1966; Vetterling et al, 1971). An outbreak was detected in a number of Guinea pigs 
(Reid et al, 1988), and In 81 infected animals, clinical signs of infection Included failure to gain weight, 
weight loss, diarrhoea, and death (Gibson & Wagner, 1986). Infection was not transmitted to mice, 
rabbits, chickens or turkeys. This organism resembles C. parvum, but it is likely that this Is a separate 
species because of the difference In host response to Infection. Infections of neonatal mice were less 
severe than those with calf Isolates of C. parvum (Angus et al, 1985). 
1.4.12 C. vulpis (Wetzel, 1938) was described on the basis of oocysts excreted by a European 
common fox (Vulpes vulpes), but the organism described Is now regarded as synonymous with 
Sarcocvstis tenella or S. miescheriana (Levine, 1984). 
1.4.13 C. fracilis (Baxby & Blundell, 1988) was described on the basis of atypical oocysts which did 
not stain with safranin or anti-Cryptosporidium monoclonal antibody, but did stain by indirect 
immunofluorescence using sera from infected patients, and from patients with C. parvum. These oocysts 
were osmotically fragile, and did not have the characteristic appearance of Cryptosporidium oocysts In 
TEM's. To date there are no published accounts of any life cycle stages other than oocysts, and until 
there is more evidence, the taxonomic position of this organism is difficult to determine. 
14 14 C. meleaoridis (Slavin, 1955) was described in the small Intestines of turkeys, and Is possibly 
the same organism seen by Tyzzer (1929) in chickens. Infection Is characterised by colonisation of the 
terminal third of the small intestine. There Is illness, with diarrhoea in the first weeks of life, but rarely 
economic loss or death. Morphologically C. meleagrldis resembles C. parvum. This remains a valid 
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species In current literature (Current & Blagburn, 1990). 
1.4.15 C. baileyi (Current et al, 1986) was first described, as a species differing from the 
Cryptosporidium Isolates previously reported in birds (Tyuer, 1929; Slavin, 1955; Proctor & Kemp, 1974; 
Fletcher et al, 1975). The features which are characteristic of C. balle I are: 
1. Infects chickens, ducks, geese, turkeys, pheasants, guinea fowl, and chukar partridges. 
2. Does not infect quail, mice, and goats (Current et al, 1986; Current & Blagburn, 1990). 
3. Infects enterocytes of the caecum, distal colon, bursa of Fabricius and cloaca, and epithelial cells of 
the sinules, trachea and conjunctiva. 
1.4.16 C. tyaerl (Levine, 1961) is the name given to the isolate detected by Tyzzer (1926) in the small 
intestine of chickens, but Is widely regarded as being synonymous with C. melea rg idis (Levine, 1984; 
Current & Blagburn, 1990). 
1.4.17 C. anserinum (Proctor & Kemp, 1974) was described In the large, but not the small Intestine 
of a 25 day old domestic goose (Anser anser). This species was thought by Levine (1984) to be 
synonymous with C. meleaaridis. 
1.4.18 Other species in birds have been described but not named. Respiratory and enteric 
cryptosporidiosis Is being increasingly reported as a cause of substantial morbidity and mortality in both 
common and bobwhite quail (Current & Blagburn, 1990). Another species is probably responsible for 
Infections in finches, where the proventriculus Is the only site infected (Blagburn et al, 1990; Lindsay et 
al, 1991). 
1.4.19 C. nasoris (Hoover et al, 1981) was first described In an oriental tang (Naso lituratus), a tropical 
fish, which was suffering from a two month progressive Illness characterised by Intermittent anorexia, 
regurgitation of food, passage of undigested food, and emaciation, and a further isolate was found by 
one of the authors In another tropical fish. Organisms were seen on the villus surface, near the tips of 
mucosal folds. Rush et al (1987) demonstrated Cryptosporldium oocysts in the intestinal contents of five 
apparently healthy brown trout (Salmo trutta), but were not able to show whether these were from an 
Infection in the fish, or from contaminated water. Cryptosporidium has also been demonstrated in 5 of 
35 carp (Cyprinus carplo) from Czechoslovakia (Pavlasek, 1983). 
1.4.20 C. crotali (Triffit, 1925) was described In a rattlesnake (Crotalus confluentus), on the basis 
of oocysts which were present in large numbers In the faeces. These oocysts resemble the sporocysts 
of Sarcocystis, and this organism should not therefore be considered to be a species of Cryptosporidium 
(Upton & Current, 1985). Although the name Is still sometimes used for Cryptosporidium isolates from 
snakes, it should not be (Current & Bick, 1989). 
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1.4.21 C. lampropeltis (Anderson et at, 1968) was described in a prairie kingsnake (Lampropeltis 
calligaster), and its identification was based on the oocysts excreted in faeces, but their description 
suggests these are also sporocysts of Sarcocystis (Upton & Current, 1985). 
1.4.22 C. ctenosaurlus (Duszynski, 1969) was described in lizards (Ctenosaura simiiis) in Costa Rica, 
but its oocysts have the general appearance of the sporocysts of Sarcocystis spp (Upton et al, 1989). 
1.4.23 C. ameivae (Arcay de Peraza & Bastardo de San Jose, 1984) described in the lizard (Ameiva 
ameiva), is another isolate thought to be Sarcocystis (Upton et al, 1989). 
1.4.24 C. serpentis (Levine, 1980) was described in the gastric mucosa of 10 amelanoic corn snakes 
(Elaphe auttata), one Trans-Pecos rat snake (Elaphe subocularis), one Madagascar boa (Sansinia 
madagascarensis), and two timber rattlesnakes (Crotalus horridus), kept at the National Zoological Park 
in Washington (Brownstein et al, 1977). Infection was characterised by persistent post-prandial 
regurgitation of undigested mice, firm mid-body swelling, progressive weight loss, and death. Levine 
(1980) named this organism C. ser entis, considering it sufficiently different from previously described 
species to justify it being classified as a new species. Upton et al (1989) suggest that this organism is 
the same as that found in the gastric mucosa of a variety of species of snake (McKenzie et al, 1978; 
Heuschele et al, 1986; Boylan et al, 1985; Szabo & Moore, 1984; Gillespie, 1987), a tortoise (Heuschele 
et all, 1986), and a chameleon (Dillehay et al, 1986). 
1.4.25 Other species in reptiles have been described but not named (Upton et al, 1989). 
Cryptosaoridium sp. In Agama spp. with no evident clinical signs, showed smaller oocysts than other 
Isolates, suggesting that this represented a separate species. The oocyst size and site of infection 
(cloaca) of isolates of Cryptosi2oridium sD. from geckos (Hemidactylus sp. and Phelsuma sg. ) suggest 
these are a distinct species, which was similar in appearance to C. baileyl In chickens (Upton et al, 1989). 
An isolate from the Western fox snake (Elaphe vulpina vulpina) which had more oval oocysts than those 
from other isolates, and probably represents a distinct species. Because there have been no cross- 
transmission experiments with these isolates, and differentiation of Isolates is difficult, it Is possible that 
there are more species that infect reptiles. 
1 . 4.26 
Traditional taxonomy takes key morphological and biochemical features, and uses what 
appears to be evolutionarily well conserved features to place organisms within a hierarchy of taxa, from 
kingdom to species. Living organisms are classified Into a series of taxa, the exact details and choices 
of taxa varying from taxonomist to taxonomist. The description and classification of living organisms 
originated with Aristotle (384-322), who published his "Historla Animalium", and was followed by a 37 
volume Natural History produced in AD77 by Pliny the Elder (AD23-79). Carolus Linnaeus (1707-1778) 
published his "Systems Naturae" In 1735 and produced the binomial classification system of living 
organisms, which provided a more systematic and standardised description of organisms. George 
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Leopold Cuvier (1769-1832) described the main groupings of the kingdom Animalia, and Antione 
Laurent de Jussleu (1748-1836) did the same for the kingdom Plantae. Ernst Haeckel (1834-1919) 
founded the Kingdom Protista, which included all the bacteria (Monera), and Robert H Whittaker (1924- 
1980) founded the five kingdom system when he introduced the kingdom Fungi. The kingdom 
Protoctista was devised by Herbert F Copeland (1902-1968) for all nucleated microorganisms. 
The classification used by Levine (1988) provides a useful practical schema for Apicomplexans, and in 
this thesis I will deviate little from his taxa (Table 1.4.2), and the known coccidia included his 
classification are presented In tabular form (Table 1.4.3). 
Table 1.4.2 The taxonomic hierarchy of Cryptosporidium 
Kingdom: Protista Haeckel 
Unicellular organisms 
Organelles for locomotion, metabolism, etc. 
Subkingdom: Protozoa Goldfuss 1918 emend. Siebold 1845 
Unicellular organisms 
Well defined nucleus and cytoplasm 
Absence of a rigid cell wall 
Absence of chromatophores containing chlorophyll 
Locomotion, metabolism, etc carried out by organelles 
Phylum: Apicomplexa Levine 1970 
Apical complex Including conoid, polar ring(s), micronemes, rhoptries, and subpellicular microtubules, 
present at some stage of the life cycle. 
Saprozoic 
Class: Conoidasida Levine 1988 (Synonymous with Sporozoea Leukart 1879) 
Apical complex well developed 
If present, the conoid forms a complete truncated cone 
Sexual and asexual reproduction 
Oocysts present, and contain Infective sporozoites which result from sporogony 
Locomotion by body flexion, gliding, undulation of longitudinal ridges, or flagellar lashing 
Homoxenous or heteroxenous 
Pseudopods usually absent, and if present not used for movement 
Flagella in microgametes In some groups 
Subclass: Coccidiasina Leukart 1879 (Synonymous with Coccidia) 
Gamonts ordinarily present, with mature gamonts small, typically intracellular 
Mature trophozoites small, typically intracellular 
Dodyogeny present or absent 
Conoid not modified into mucron or epimerite 
Life cycle follows merogony, gametogeny, sporogony 
Syzygy generally absent but if present involves gametes 
Anisogamy marked 
Chiefly parasitic in vertebrates 
Order: Eucoccidioridae Leger and Duboscq 1910 (Synonymous with Eucoccidiidae) 
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Asexual and sexual phases of life cycle 
Schizogony present 
Merogony, gamogony, sporogony present 
Parasitic in epithelial and blood cells 
Occur in vertebrates and invertebrates 
Suborder: Eimeriorina Leger 1911 (Synonymous with Eimeriina) 
Macrogametocytes and microgametocytes develop independently 
Many microgametocytes 
Microgamont produces many microgametes 
Zygote non motile 
Sporozoites in sporocysts 
Endodyogeny absent or present 
Syzygy normally absent 
Homoxenous or heteroxenous 
Family: Cryptosporidiidae Leger 1911 
Development on cell surface just under the outer membrane 
Oocysts with/or without sporocysts, four naked sporozoites 
Syzygy absent 
Oocysts and meronts with a knob-like attachment organelle 
Microgametes without flagella 
Homoxenous 
Genus: Cryptosporidium Tyzzer 1907 
With the characters of the family 
Found In vertebrates 
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Figure 1.4.1 The taxonomy of the genus Cryptosporidium 
Monera Protista Fungi Plantae Animalia 
Protozoa Slime moulds Slime nets Nucleated algae 
I-- 
Apicomplexa Ascetospora Ciliophora Labyrinthomorpha Microspora Myxospora Sarcomastigophora 
Aconoidasida Conoidasida Perkinsasida 
Coccidiasina Gregarinasina 
Haemospororida Piroplasmorida Agamococcidiorida Eucoccidiorida Protococcidiorida Ixorheorida 
Adelorina Eimeriorina 
Cryptosporidiidae 
Cryptosporidium 
C. baileyi C. serpentis C. meleagridis C. murls C. nasorum C. parvum 
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Table 1.4.3 The Coccidia (Coccidiasina Leuckart. 1879) after Levine (1988) 
Genera Sporocysts per Sporozoitss per Number of Order Host Groups 
Oocyet 8porocyst species 
Adelea 8-48 2 3 Eucoceldlorlda A Invertebrates 
Adelln 3-20 2 22 Eucoccidiorida A Annelids, Chilopods, Insects 
Aggregate Many 3-28 18 Eucoccidlorida E Decapods, Crustaceans, Molluscs 
Angeocystis 4 18 1 Protococcldiorlda Polyehaetes 
Atreocystis 0 8 2 Eucoccidiorida E Invertebrates 
Angeocystis 4 18 1 Protoeoccldlorida Potychaetes 
Arthrocystls 2 4 1 Eucoccidlorida E Aves 
Atoxoplasma 2 4 19 Eucoccidlodda E 
Barrouxla Many 1 10 EueoceidlorldaE Chilopodaslna, Hemlptenxida, Molluscs, Nemertinl 
Besnoftla 2 4 7 Eucoccidlodda E Mammatla 
Calyptospora 4 2 2 Eucoccidiorlda E Osteichthys 
Caryospora 1 8 34 Eucoccidlorlda E Aves, Reptilla, Mammalla 
Caryotropha 20 12 1 Eucoccidlorlda E Annelids 
Chagasella 3 4.8 4 Eucoccidlorida A Insects 
Coslotropha 6-60 2480 2 Protococcldlorida Polychastes 
Cryptosporidlum 0 4 5 Eucoccldlorlda E Vertebrates 
Crystallospora 4 2 1 Eucoccidlorida E Ostelchthys 
Cyclospora 2 2 9 Eucoccidiorlda E Mammalia, Reptllia 
Cyrilia 0 20 2 Eucoccidlorlda A Ostelchthys 
Dactylosoma ? ? 10 Eucoccldiorida E Amphlbla, Reptilla, Osteichthys 
Defretlnella >50 >20 1 Eucoccidlorida E Polychaetes 
Diaspora ? I I Eueoccidiorida E Polydesmid millipedes 
Dobellia ? ? 1 Eucoccidiorida E Siphunculids 
Dorlsia Variable 8 11 Eucoccidlorida E Aves, Reptiila, Mammalia 
Dorislella 2 8 1 Eucoccldlorida E Polychastes 
Elmeria 4 2 1162 Eucoccldiorlda E Vertebrates & few Invertebrates 
Eleutheroschizon ? ? 2 Protococcidiorida Polychetes 
Eplelmeda 4 2 2 Eucoccldiorida E Fish 
Frenkella 2 4 2 Eucoccldlorida E Ave*, Mammalia 
Ganapatiella 15-20 2 1 Eucoccldiorida A Isoplerorida 
Glbbela 4 1 1 Eueoccidlorida A Dlplopodasina 
GouseeMa a Many 1 Eucoccidlorida E Mammalla 
Goussia 4 2 31 Eucoccidlorlda E Ostelchthys, Reptilla, Coeloptera, Chllopodaslna 
Grasseella Many 2 1 Eucoccidlorlda E Ascidlans 
Grellia Variable 5-14 2 Protococcidlorida Archlannelids, Polychetes 
Haemogregarina 0 8 307 Eucoccldlorida A Vertebrates, Invertebrates 
Hepatozoon Variable 4-16 85 Eucoccldlorida A Vertebrates & Invertebrates 
Hoarella 16 2 1 Eucoecidioride E Reptllla 
Isospora 2 4 248 Eucoccldiorida E Amphibla, Ayes, Reptllla, Mammalia 
Ithanla 1-4 9-33 1 Eucoccldiorida A Insects 
Ixorheis 1 2 1 Ixorheodda Holothursslda 
Karyolysus Many 20-30 10 Eucoccldiodda A Reptllla, Miles 
possla >12 4 11 Eucoccidiorida A Vertebrates & Invertebrates 
KIosslella 30 30 18 Eucoccldlorida A Mammalia, Reptllia 
Lankesterella 0 32 8 Eucoccidiorlda E Amphlbla, Reptilla 
Legerella 0 ? 6 Eucoccldiorida A Diplopods, Nematodes & Insects 
Macklnnonia 2 2 2 Protococcidlorlda Ollgochetes 
Mantonella 1 4 5 Eucoccidiorida E Vertebrates & Invertebrates 
Merocystis Many I I Eucoccidlorlda E Molluscs 
Myrlospora 8-100's, 24-32 4 Protococcidiorida Polychetes 
Myrlosporides 20 >20 1 Protococcldlorlda Polychetes 
Octosporella 8 2 6 Eucoccidlorlda E Osteichthys, Reptllla, Mammalia 
Orcheobius >25 4 3 Eucoccidlorida A Amphlbia, Ollgochete, Hirundasida 
Ovivora Many 12 1 Eucoccidlorida E Echiurolds 
Pfelfferlnella 0 8 2 Eucoccldlorida E Molluscs 
Pseudoklossla Many 2 6 Eucoccldlorlda E Molluscs 
Pythonella 16 4 3 Eucoccldloride E Reptilla, Mammalia 
Rasaleyna 18 9-33 1 Eucoccldlorida A Insects 
Rhylidocystis Variable 2 3 Agamococcidlorlda Polychaetes 
Sarcocystis 2 4 120 Eucoccldiorlda E Reptilia, Ayes, Mammalla 
Schellackla 0 8 11 Eucoccidiorida E Reptllla, Amphibla, Miles, Diptera 
Selenococcidlum ? 7 1 Eucoccidiorlde E Decapodaslna 
Selysina 0 Many 3 Eucoccidlorida E Ascidians 
Slvatoshella 2 16 1 Eucoccidlorlda E Aves 
Skrjabinella 18 1 1 Eucoccidlorida E Mammalla 
Spirocystls 0 1 1 Eucoccidiorida E Ollgochetes 
Toxoplasma 2 4 9 Eucoccidlorida E Amphibie, Reptilia, Mammalla, Aves 
Tyzzeria 0 8 9 Eucoccidlorlda E Vertebrates & Invertebrates 
Wenyonella 4 4 15 Eucoccldiorida E Mammalia, Ayes, Reptilia 
Eucoceidiorida E- order Eucoccidiorida, Suborder Elmerlorina 
Eucoccidiorida A- Order Eucoccidiodda, Suborder Adeleorina 
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1.4.27 Numerical taxonomy was used by Barta (1989) to examine the relationships between genera 
in the class Sporozoea. Twenty six biological characters and morphological features were used to 
examine 24 genera. Analysis showed Cryptosporidium to be a sister group to the other highly derived 
eimeriorins (Eimeria and Sarcocystis), and supports the idea that microgamete flagella have been lost 
(autapomorphic simplification) due to their exposed location (Figure 1.4.2). Phylogenies derived from 
morphological features suffer from the incompleteness of the morphological data, and the fact that 
morphological features may be related to lifecycle changes rather than to ancient ancestry. This said, 
the phylogeny produced by Barta (1989) compares favourably with that of Levine (1988). 
1.4.28 Ribosomal phylogenetics has transformed our understanding of the ancestry of living cellular 
organisms, firstly through the discovery of a deep and fundamental division In prokaryotes between the 
archaebacteria and eubacteria (Woese, 1989), secondly through the discovery of the ancient ancestry 
of Glardia (Sogin et at, 1989) and microsporidia (Vossbrinck et al, 1987), which, while containing a 
membrane bounded nucleus, have many bacterial features, and thirdly through the suggestion that all 
eukaryotes should be grouped together into a single kingdom (Sogin et al, 1989). On a more detailed 
level, the relationships between species of a genus can be compared, and estimates can be made of 
genetic distance. The ribosomal phylogenetics of Cryptosporidium was examined by comparing small 
subunit ribosomal RNA (srRNA) sequence data (Johnson et at, 1990). DNA sequencing from reverse 
transcribed ribosomal RNA (Johnson & Baverstock, 1989) was achieved using three commercially 
available primers, and two unique primers. Three regions of the srRNA were aligned by eye with those 
of five vertebrates, an Invertebrate, two fungi, five ciliates, three plants, ten non-ciliate protists, one 
eubacteria, and one archaebacterla. Sequences were compared by parsimony analysis and distance 
analysis, and trees were produced using best fit Fitch-Margollash, strict consensus, and bootstrapping 
techniques. These showed that Cryptosporidium had no close phylogenetic relationship with any of the 
other apicomplexans tested (Plasmodium, Toxoplasma, Sarcocystis), although there were some 
differences between trees (Figure 1.4.3). If Cryptosporidium and Plasmodium are monophyletic, then on 
phylogenetic evidence, they probably diverged In the Precambrian period (Johnson et at 1990), that Is 
greater than 570 million years ago. 
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Figure 1.4.2 Strict consensus tree of the two most parsimonious tree topologies depicting 
phylogenetic relationships in the class Sporozoea. (After Barta, 1989) 
Selenoides 
Lankesteria 
Schizocystis 
Babesia 
Thelieiria 
Babesiosoma 
Cyrilia 
Haemogregarina 
Karyolysus 
Hepatozoon 
Klossia 
Plasmodium 
Coelotropha 
Aggregata 
Scheliackia 
Sarcocystis 
Elmeria 
Cryptosporidium 
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Figure 1.4.2 Strict consensus tree for 264 semi conserved sequence bases of srRNA 
_ 
(After 
Johnson et al, 1990). 
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1.4.29 Evolution in Cryptosporidium spp., as In all other organisms, happens through the selective 
survival and reproduction of individual organisms bearing their own unique mixture of genes. They fill 
niches as parasites of the surface of the epithelial cells of vertebrates, with C. parvum being widely 
dispersed within the environment. The genus has evolved from an intracellular and intracytoplasmic 
precursor, or ancestor, into Intracellular but extracytoplasmic organisms. There are three main sites 
which they Infect (stomach, Intestine & respiratory tract), and it Is possible that the ancestral 
Cryptosporidium progenitor developed in any one of them. Although the Apicomplexa In general, and 
the Eimeriorina in particular, are thought to have evolved from intestinal dwelling ancestors, it Is possible 
that the ancestral precursor of the first Cryptosporidium lived in the respiratory tract, and that selective 
pressures associated with growth in this site, led to the characteristic features of modern cryptosporidia, 
but it is more likely that the proto-cryptosporidium was an intestinal parasite, because respiratory 
infection in the absence of intestinal infection is uncommon, whereas intestinal infection without 
respiratory Involvement Is common. All the related coccidia have part of their life cycles in the bowel. 
The selective pressures that have led to the evolution of Cryptosporldium, have caused a number of 
distinctive features to develop, including small size, extracytoplasmic position, absence of syzygy, 
autoinfection, polar structure, absence of flagella and perforatorium in microgametes, and production 
of large numbers of oocysts from a small infecting dose. These features probably evolved at different 
times in the past, but may have been selected for by each other. The absence of closely related 
organisms bearing intermediate characteristics, makes any such hypotheses speculative. 
Cryptosporidia that lived at the cell surface were evidently at a selective advantage over those that 
developed intracytoplasmically, and this location at the cell edge probably allowed a number of features 
to evolve. Merozoites can be liberated directly Into the gut lumen, and therefore do not require the 
mechanisms for leaving epithelial cells used by other coccidia. Flagella In microgametes were probably 
selected against by the ease of gametogeny in the microvillus border of enterocytes, and the energy- 
intensive nature of flagella in such a small organism. The location of Cryptosporldium at the host cell 
surface may allow nutrients to be transported directly Into the parasite from the gut lumen, rather than 
exclusively from the host cell, allowing faster growth within the cell. The sexual phase of the 
Cryptosporidium life cycle does not Involve syzygy (Levine, 1988); a process In which microgamonts 
attach to macrogamonts in pairs, prior to zygote formation. If microgamonts attach to immature 
macrogamonts, this process may allow time for the macrogamont to mature to a point where it is ready 
to fuse with the microgamont to form a zygote. In Cryptosporidium the absence of syzygy may permit 
the microgamonts to fuse with immature macrogamonts, forming zygotes that lack the wall-forming 
bodies necessary for oocyst wall formation. This will lead to production of thin-walled oocysts, which 
are autoinfective (Current & Long, 1983; Casemore et al, 1985). The evolution of an autoinfective stage 
was important In making the life cycle non-deterministic, allowing unlimited numbers of oocysts to be 
produced from a small infecting dose. This differs from Ei meria, in which the output of oocysts Is related 
to the infecting dose (Parry et al, 1989). An alternative, though less likely, explanation of the origins of 
thin-walled oocysts is that they derive from unfertilised macrogametes. The evolution of syzygy may have 
been crucial for the development of Cryptosporidium. The resistance to antimicrobial agents and 
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coccidiostats may reflect a feature of the extracytoplasmic position of the organism, or it may have 
evolved through the close contact with the gut lumen, and consequent selective pressure of a greater 
exposure to various molecules present In the chyme. 
The recognition of three, well-characterised, species (C. m ri , rvum & C. bail i, together with other 
less well-defined Isolates, means that the proto-cryptosporidium, from which they are all descended, 
evolved substantially to fill new niches. 
1.4.30 The strategy of an organism Is the phenotypic expression of a genetically maintained 
programme, which has developed over time Into an evolutionarily stable state (Maynard-Smith, 1989). 
rv m uses a classical R-type strategy (Wilson, 1977), with epidemic Infection of large numbers of 
animals, rapid multiplication of the parasite, and excretion of large numbers of oocysts, which are 
resistant to environmental degradation, and can lie dormant for weeks or months. There does not appear 
to be an Intracellular dormant stage In the life cycle, probably because it grows In enterocytes, which 
are sloughed off within a few days, but It Is possible that the parasite may lie dormant within the 
common bile duct (Soave, 1988). The common occurrence of C. parvum oocysts In the environment 
means that animals are often exposed to clinical or subclinical infection early In life, with the result that 
Immunity develops early. The selection of Cryptosporidium for this neonatal route to the strategy may 
have been under the selective pressure of natural defence mechanisms which evolved to produce 
resistance to Infection or disease after only a few days of life. It Is possible, but unlikely, that the host 
may gain a selective advantage by being Infected, but there Is no evidence to support this. 
1.4.31 Clonal versus aanmictic reproduction. Parasitic protozoa may grow rapidly within a host 
population from a small initial locus of infection, and this population may represent a clone, or 
homogeneous group of organisms which are all more or less identical. Sexual recognition within this 
group will not generate much variation; Tibayrenc and Ayala (1991) suggest that sexual reproduction 
may be rare in protozoa in nature, that clonal reproduction Is common In protozoa, and that the mode 
of reproduction In nature can only be ascertained by demonstration of genotypes within populations. 
In particular, it is suggested that Plasmodium is clonal and although it has a sexual stage to its life cycle, 
only rarely recombines with organisms from another clone. Evidence from Walliker (1991) suggests that 
there are a larger variety of genetically distinct clones of P. falciparum, and reproduction is panmictic, 
that is mating occurs at random. Experimental mating between defined Isolates fed to mosquitos showed 
50% of the progeny of such mating are hybrids, as would be expected from theory. Is Cryptosporidium 
clonal or panmictic? Cryptosporidium is monoxenous and autoinfection allows more than one round 
of sexual reproduction within a single host. This means that if two genetically different isolates Infect the 
same host, there will be a heterogeneous mixing of genes in the oocysts excreted. This would Imply that 
Cryptosporidium in the community is likely to be panmictic and not clonal, but there is no experimental 
evidence for this. 
1.4.3 ! Host specificity has been examined for many Isolates (Current & Blagburn, 1990; Levine, 1984; 
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Fayer & Ungar, 1986). C-parvurn from cattle, human, pig and sheep will infect most experimental 
mammals provided they are inoculated at a sufficiently young age. 
1.4.33 Virulence of Cryptosporidium appears to vary between isolates (Fayer & Ungar, 1986), but this 
virulence was related to the infecting dose required to cause disease, and not to the severity of disease 
once the infection is established. This type of virulence may represent natural or experimental variation 
in the viability of oocysts. There do not appear to be isolates of C. parvum that are consistently more 
virulent than other isolates. 
1.4.34 Identification of species has been achieved through a variety of techniques, and the 
descriptions used have varied considerably between workers. Detailed morphometric measurement of 
living stages (Current & Reese, 1986; Current et al, 1986), and ultrastructural analysis of all the life cycle 
stages Is Important (Current & Reese, 1986; Uni et al, 1987), but may not easily distinguish between 
closely related species. The size and shape of oocysts may be used to analyze isolates from a variety 
of hosts (Upton et al, 1989), and monoclonal antibodies appear to have some species specificity 
(Nichols, 1989; Smith & Rose, 1990). 
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1.5 Biochemistry, Physiology and Genetics. Study of the biochemistry of Cryptosporidium has been 
limited by the problems of Isolating pure parasite material for study (Wang 1982). Certain assumptions 
may be made about biochemical pathways, and physiological mechanisms, which are well conserved 
over related organisms. Apparently related organisms may have diverged from each other a long time 
ago (Johnson & Baverstock, 1989), and evolved a biochemistry to fit the ecological niche they fill. Care 
therefore has to be exercised In making assumptions about biochemistry on anything other than 
measured reactions, and there Is no alternative to the direct Investigation of Individual isolates. 
1.5.1 Lipids can act as storage molecules In coccidia (Wilson & Fairbairn, 1961), but there has been 
little work on the direct detection of lipids In Cryptosporidium. During sporulation In Elmeria tenella, the 
net lipid content of oocysts dropped (Wang, 1982). This represented a drop in saponifiable lipids, and 
was associated with an increase in nonsaponifiable lipids (mainly primary fatty alcohols) In the oocysts. 
Lipids were demonstrated in C. muris using Sudan III staining (Tyzzer, 1910), and vacuoles thought to 
contain lipid have been reported In electron micrographs (Angus et al, 1985). The long chain fatty acids 
of C. parvum have been examined in a single Isolate (Nichols & Wait, 1986). Using gas-liquid 
chromatography, long chain fatty acids were demonstrated, and the Identity of the peaks was made 
using a mass spectrometer. The main fatty acids identified were 14: 0,15: 0,16: 0,17: 0,18: 0,18: 1,18: 1 
A9, and 18: 2. The cryptosporidium oocysts studied had long chain fatty acids which were similar to 
those reported for other protozoa. 
1.5.2 Carbohydrates are Important In energy storage in coccidia, with glycogen, amylopectin (Ryley 
et at, 1969), and mannitol (Schmatz, 1989) constituting the main storage molecules. Glycogen and 
amylopectin (a type of starch), are composed of a-1,4-linked glucose molecules, linked by a-1,6- 
glucosidic Interchain linkages at about once every 30 glucose units, to form multiply-branched 
macromolecules (Stryer, 1981). Amylopectin has much longer unit chains, and a more open structure, 
than glycogen. Glycogen Is synthesised from uridine diphosphate glucose, whereas amylopectin Is 
formed from adenosine diphosphate glucose. In Elmerla the enzyme amylopectin phosphorylase Is 
Involved In the utilisation of amylopectin reserves, converting them Into glucose-1 -phosphate (Wang, 
1982), and the activity of this enzyme was higher In unsporulated, than in sporulated oocysts. 
Amylopectin stains red with PAS stain and Nakai & Ogimoto (1989) produced a'PAS Index' for Individual 
sporozoites of Eimerla, which was based on the number of amylopectin granules present. Organisms 
with a higher PAS Index had a higher invasion rate for chicken kidney cells, and the amylopectin was 
used up In 120 hours at 29°C, 24 hours at 37°C, and 16 hours at 41°C. Sporozoites did not lose their 
amylopectin at 0°C. 
Amylopectin-like vacuoles have been demonstrated in Cryptosporidium, particularly In macrogametes 
(Current & Reese, 1986) and sporozoites (Bjorneby et at, 1990), and glycogen like particles were 
observed In microgametes (Current & Reese, 1986), however none of these carbohydrate stores have 
been demonstrated biochemically. Sporozoites and merozoites of C. 12arvum do not have the large 
vacuoles of amylopectin seen In im ri (Current & Reese, 1986), but small ones can be seen In 
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the sporozoites, and possibly the merozoites of C. muris (Uni et al, 1987), and in the sporozoites, but not 
the merozoites of C. parvum (Bjorneby et al, 1990). This small reserve of amylopectin In sporozoites and 
merozoites probably reflects the short duration between release from oocyst or schizont, and attachment 
to, and penetration of, the host cell membrane. Sporozoites have to survive in oocysts, and need the 
amylopectin reserves for the maintenance of viability during long periods of dormancy. The period 
between excystation sand penetration of the epithelial membrane Is probably longer for sporozoites, 
because merozoites are released from meronts at the microvillus brush border. I 
1.5.3 Proteins associated with Cryptosporidium have been studied by a variety of techniques, and 
must Include the well conserved enzymes and structural proteins associated with all eucaryotes, together 
with Cryptosporidium specific, or individual species specific proteins which have evolved comparatively 
recently. A 106 kDa protein was shown to have a variable Isoelectric point in different Isolates of 
C. parvum, and the proteins were further characterised by two dimensional gel electrophoresis (Mead 
et al, 1990). Three of four Isolates could be differentiated by their Isoelectric points (pl), and a fifth had 
no 106 kDa antigen, but had an extra 40 kDa antigen. The oocyst wall proteins of three species of 
Cryptosporidium were examined, and all three shared common bands at 285 to 290,145 to 148,120, 
57, and 32 kDa (Tilley et at, 1990). In addition C. murls and C. baileyl shared proteins at 180,100,80 to 
81,29, and 18 to 19, C. m ri and arvum shared a protein at 67 to 69 kDa, and C. bailevi and 
C. oarvum shared a protein at 46 to 47 kDa. Radioactive '251 was used to label oocyst outer wall antigens, 
and these showed differences between C. baileyl, C. m ri and C. parvum. Iodine labelling was also used 
to compare five Isolates of C. parvurn, and there were common bands at 15.5,32,42,47.5,79 and 96 
kDa in all isolates, whereas proteins at 52,62,116, and 132 kDa were present in some but not all 
Isolates (Lumb et at, 1988). 
1.5.4 The antigens of Cryptosporidium have been studied by a number of Investigators to provide 
information on Immunity and differences between life cycle stages, and between species. Lazo et at 
(1985) reported antibodies reactive in EUSA in rabbits Immunised with, and calves infected with, 
Cryptosporidium. Using western blotting they demonstrated antibodies binding to 6 and 9 antigens 
respectively, of between 60 kDa and 330 kDa. Ungar and Nash (1986) showed antibodies (IgG & IgM) 
to a 23,000 dalton antigen In 37/40 AIDS patients with cryptosporidiosis, and up to 3 additional bands 
between 125,000 and 175,000 daltons. Luft et at (1987) used reducing and non-reducing gels to show 
lectin binding of eight electrophoretic bands between 72,000 and > 100,000 daitons, and mouse Immune 
serum bound four antigens within this size range. Glycosidase treatment showed a reduction in antibody 
binding in larger antigens (>60,000 daltons), indicating that carbohydrate antigens, alone or linked to 
lipids or proteins, may be involved. Mead et at (1988) showed antibodies to a 20,000 dalton antigen in 
infected humans, calves and horses at three weeks post infection. High molecular weight antigens 
(96,000-200,000 daltons) were also recognised in some sera. Cho et at (1989) produced monoclonal 
antibodies against 3,000 and 20,000 dalton antigens which reacted with sporozoltes, merozoites, and 
other tissue stages. Goss and Smith (1989) produced polyclonal and monoclonal antibodies which 
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bound to antigens between 13,000 and 120,000 daltons. Two MABs bound to a 62,000 dalton antigen 
and one to a 13,000 dalton one. Riggs et al (1989) demonstrated a low molecular weight and 28,000 
dalton sporozoite antigen with monoclonal antibody. Lumb et al (1989) raised polyclonal rabbit antibody 
against the 23,000 dalton antigen, and found it bound to antigens at 37,000,49,000,58,000,68,000, 
120,000,140,000, and 180,000 daltons. Hill et al (1990) used western blotting to demonstrate antibodies 
(IgG, IgM, & IgA) binding to cryptosporidium specific antigens during the course of Infection, and 
consistent binding to 15,000,23,000 and 180,000 dalton antigens. Tilley et al (1990) compared the 
oocyst outer wall proteins from three species of Cryptosporidium using silver staining and 1251 surface 
labelling. They revealed common bands at 285-290000,145-148,000,120,000,57,000, and 32,000 
daltons. 
1.5.5 11 kDa antigen was demonstrated in arvum grown in calves, and there was strong western 
blot staining with antibodies from infected calves and immunised rabbits (Whitmore & Harp, 1991). 
1.5.6 15 kDa antigen was shown to specifically bind serum and copro antibody from infected lambs 
(Hill et al, 1989). Antibody to this antigen was demonstrated In hyperimmune bovine colostrum, and a 
monoclonal antibody to this glycoprotein (Mab 5C3) conferred partial, but significant protection in 
suckling mice (Tilley & 'Upton, 1991). 
1.5.7 23 kDa antigen was shown to bind IgG and IgM from 37/40 AIDS patients with cryptosporidiosis 
(Ungar & Nash, 1986), Indicating that the antigen Is immunodominant. Similar results were found in 
animals (Mead et al, 1988; Hill, 1988; Hill et al, 1990). Antibody produced against the 23 kDa antigen 
bound to the anterior end of the pellicles of sporozoites and merozoites, but not to other organelles, or 
to oocyst walls (Lumb et at, 1989). Arrowood et al (1991) used a monoclonal antibody to detect the 23 
kDa antigen In the trails left by motile sporozoites, and suggested this immunodominant antigen was 
possibly an adhesin associated with gliding motility. In a study of the outer walls of three species of 
Cryptosporidium using 1251 surface labelling, the presence of the 23 kDa antigen was not demonstrated, 
but was detected as a surface antigen in sporozoites (Riggs et at, 1989). 
1.5.8 180 kDa antigen double band was shown to bind antibody in the blood and faeces of lambs 
Infected with rvum using western blotting (Hill et at, 1990). 
1.5.9 Monoclonal antibodies have been produced by a number of Investigators (Table 1.5.1). 
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Table 1.5.1 Monoclonal antibodies against C. parvum 
Authors Monoclonal 
Antibody 
Antibody 
class 
Antigans detected Parasite stages Binding Site 
McLauchlin at el, 1988 MAB-Cl IgM Mufiple Oocyst Wall 
Garcia at al, 1987; Arrowood & Sterling, 
1989 
OW3 IgM >200 kDa 00" wail 
Mead at al, 1988; Arrowood at al, 1989 C8138 IgGI 20 kDa Sporozolte Membrane 
Mead at al, 1988 CSCS IgG3 20 kDa Sporozoite Surface 
Mead at al, 1988 C1D3 
Mead at al, 1988 C4AI Mu@iple Sporozolte Polar 
Arrowood & Sterling, 1989 Cl B3 IgG1 Multiple Ooeyst Wall 
Riggs at ei, 1989 
Bonnln at al, 1990 OW-1 GO Ooeyst Ooeyst wall 
Bonnin at al, 1991 TUO 210 kDa, 130 kDa Sporozolte, 
merozoite 
Microneme glycan 
Bonnin st al, 1991 HAD Multiple Microneme 
peptide 
Tilley at al, 1991 5C3 15 kDa glycoprotein Sporozones, 
merozo(ies 
Surface 
glycoproleln 
Petersen et al, 1991 1008 300 kDa Sporozoite Surface 
Riggs at eI, 1989; 
Bjorneby at al, 1990; Bjomeby st al, 
1991 
17.41 IgM Multiple Sporozoite & 
Merozofle 
Surfau 
Bjomeby at al, 1990 18.29 Sporozolte, 
merozolto 
Riggs at al, 1989 
Bjomeby at al, 1990 
18.44 lgG3 Sporozohe Surface 
Arrowood at al, 1991 23 kDa Sporozols, 
morozofls 
Surface adhesin 
1.5.10 Tricarboxylic acid cycle Is present In Eimeria sap and Toxo lad sma gondil, and many of the 
enzymes involved In this cycle can be demonstrated in large amounts In unsporulated oocysts (Wang, 
1982), and have been used in isoenzyme typing (Jeffers & Shirley, 1982). Such typing In 
Cryptosporldium has not proved successful (Shirley, personal communication), and it Is unclear whether 
it possesses all the enzymes of the cycle. 
1.5.11 Nucleotide salvage is important In coccidia, as they lack the ability to synthesise purines, and 
rely on hypoxanthine salvage for nucleic acid synthesis. Some anticoccidial agents act on the membrane 
transport of hypoxanthine, and inhibit its incorporation Into nucleic acid (McDougaid, 1990). The 
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demonstration of the anticryptosporidial activity of arprinocid (Kim, 1987; Rehg & Hancock, 1990) 
suggests that Cryptosporidium also uses hypoxanthine salvage. 
1.5.12 The Mannitol Cycle. Mannitol Is a sugar alcohol, used by some plants and fungi to regulate 
internal hydrostatic pressure or turgor (Alberts et al, 1983). Its synthesis is through a biochemical 
pathway called the mannitol cycle, which has been shown to be present In the coccidia of birds and 
mammals, but does not occur In vertebrates (Schmatz, 1989). Mannitol Is hydrophilic, and therefore will 
not readily pass across membranes. This feature Is used clinically In reducing cerebral oedema by rapid 
Intravenous administration, for renal failure, and for treating scombrotoxin poisoning (Hashmi et al, 1989). 
It can also be used to Investigate Intestinal permeability In Crohn's disease, coeliac disease, and in 
patients with skin disorders (Blood et al, 1991). Some pathophysiological complications of diabetes are 
thought to result from the synthesis of sugar alcohols (polyols) from raised blood glucose, according 
to an osmotic hypothesis (Beyer & Hutson, 1986). 
Fructose-6-phosphate (F6P) enters the pathway from the pentose phosphate pathway through 
phosphoglucose Isomerase, or from glycolysis via phosphofructokinase (Figure 1.5.1), and Is converted 
to mannitol-1-phosphate (MIP) by mannitol-1-phosphate dehydrogenase (M1PDH), with the oxidation 
of NADPH or NADH. Mannitol Is synthesised by the dephosphorylation of MI P by mannitol-1- 
phosphatase (M1 Pase). Mannitol can act as a storage chemical, and can be oxidised to fructose by 
mannitol dehydrogenase (MDH), with the reduction of NAD. Fructose Is phosphorylated to fructose-6- 
phosphate (F6P) by hexokinase, at the expense of ATP. The F6P can then be used for energy generation 
In the pentose phosphate pathway. 
Amylopectin has been thought to be the main storage chemical In coccidla, but because traditional 
techniques for demonstrating sugars will not detect mannitol, It Is only recently that mannitol has been 
demonstrated In unsporulated oocysts of E. tenella, a coccidian Infecting chickens, In amounts 
representing 25% of the dry weight, and at concentrations of 300mM (Schmatz et al, 1988). The 
concentration of mannitol drops to 10 mM after sporulation suggesting Its utilisation as an energy 
source. In fungi, one complete cycle gives the following overall equation (Hult & Gatenbeck, 1978): 
NADH + NADP+ + ATP -> NAD+ + NADPH + ADP + P, 
The mannitol cycle may be used as an electron 'sink' (converting NADP+ to NADPH) when parasites are 
growing under anaerobic conditions (Schmatz et al, 1989), or Involved In lipid synthesis (Hult & 
Gattenbeck, 1978). Synthesis of mannitol may cause the swelling of Elmerla Infected cells which 
eventually burst to release mature parasites (Schmatz, 1989). The demonstration of two enzymes of the 
mannitol cycle, M1 PDH and M1 Pase, In C. Darvum (Schmatz, 1989) suggests that this coccidlan parasite 
may also synthesise mannitol. 
1.5.13 The mannitol hypothesis. The Na' gradient across the outer membrane of Cryptos oridium 
p is probably used to transport sugars Into the parasite. Mannitol Is synthesised from dietary or 
circulating sugars, and significant amounts pass Into the lumen of the Intestinal, respiratory or other 
Infected tracts, causing pathogenicity by the osmotic pressure exerted on epithelial cells, and by its 
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bacterial fermentation. In the intestinal tract this causes both secretory diarrhoea and malabsorption, and 
reduces the energy Intake of Infected patients and animals by converting utilisable sugars into non- 
absorbable mannitol (Figure 1.5.1). 
It Is argued that the secretory diarrhoea associated with cryptosporidiosis In patients with immune 
deficiency suggests a toxin-mediated hypersecretion Into the gut (Berkowitz & Seidel, 1985; Current, 
1988), and clinical improvement associated with chlorpromazine In an Infant with SCID, implied a cyclic 
AMP or GMP mediated toxin may be Involved (Kocoshis et al, 1984). Garza et al (1986) showed an 
enterotoxin like effect, which did not alter CAMP levels when rabbit ileal loops were inoculated with 
Cryptosporidium homogenate. The substance acted on the serosal side of the bowel wall. The presence 
of a CAMP or cGMP toxin mediated mechanism would not benefit the parasite, because it would cause 
fluid loss from the parasitised cells. Argenzio et al (1990) used in vivo perfusion to demonstrate a 
complete Impairment of glucose stimulated Na' and water absorption In both the jejunum and ileum of 
neonatal pigs with cryptosporidiosis, but there was no significant reduction in the absorption of 
electrolytes and water from Ringer's solution without glucose. The addition of 20mM mannitol to the 
Ringers's caused a net secretion of Na+ Ions, Cl" ions and water in both Infected and control jejunum, 
but not in the ileum. Modigliani et al (1985) used slow marker Intestinal perfusion In an AIDS patient with 
cryptosporidiosis, and showed that fluid secretion occurred in the duodenum and proximal jejunum, and 
was reabsorbed In the ileum and colon. The fluid secretion was associated with Increased luminal Na' 
ions. 
Studies In germ free calves infected with C. arv suggest malabsorption and impaired digestion in the 
small bowel together with malabsorption in the large bowel are responsible for the diarrhoea (Tziporl, 
1985). Raised End Breath H2, and Total Breath H2 concentrations, were found in milk fed calves three 
days after the onset of diarrhoea resulting from experimentally induced cryptosporldiosis (Holland et al, 
1989). Previous experiments using the non absorbable carbohydrate lactulose, showed raised H2 levels 
120 minutes after administration, and together with radiographic tests, indicate that colonic bacterial 
fermentation of nonabsorbable nutrients Is responsible. Mammalian metabolism does not produce H2 
(Levitt, 1969; Newcomer, 1983), but is Influenced by the amount of fermentable carbohydrate, and the 
number and types of bacteria present (Ostrander et al, 1983; Perlman et al, 1981). 
Although there has been no evidence that the malabsorption associated with cryptosporidiosis Is due 
to dietary lactose or sucrose, the reduction in intestinal enzyme activity suggests this is likely. Jervis et 
al (1966) showed reduced intestinal enzyme activity (acid phosphatase, alkaline phosphatase, glucose-6- 
phosphatase, succinic dehydrogenase, diphosphopyridine nucleotide diaphorase, triphosphopyridine 
nucleotide diaphorase, and monamine oxidase) In guinea pigs. The acid phosphatase activity of 
macrophages In the lamina propria was also reduced. It was postulated that the reduction In these 
enzymes was related to the toxic action of parasite metabolites passing directly Into the parasitised 
epithelial cells through the attachment organelle. Reduced lactase activity at sites between the pylorus 
and the terminal ileum was found in gnotobiotic pigs (Tzlporl et al, 1982), calves (Tziporl, 1983), and 
lambs (Tziporl at al, 1981; Tzipori et al, 1982). A lower lactase activity in the small bowel of lambs was 
found in Infections with Cryptosporidium than with enterotoxigenic E. co11, Rotavirus, and uninfected 
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Figure 1.5.1 The mannitol cycle in Eimeria tenella (after Schmatz. 1989) 
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controls (Tzipori et al, 1981). In SPF lambs with experimentally Induced cryptosporidiosis, both lactase 
and sucrase activities were reduced compared to a control animal (Tzipori, 1982). 
Cryptosporidium occupies a position In which its structure is polar. The outer membrane is in contact 
with the gut lumen, and the base of the parasite, the attachment organelle, is in contact with the host 
cytoplasm. As the outer membrane Is of host origin (Current & Reese, 1986), it probably contains the 
brush border oligosaccharidases, lactase, sucrase, a dextrinase, and gluco-amylase, together with the 
glucose/galactose, and fructose transport proteins. The gut lumen has a high Na' and the host 
cytoplasm has a low Na' (Kutchai, 1988), which means the parasite can use a Na' linked glucose 
symport in the outer membrane to transport glucose into the parasite, and can maintain a low internal 
Na` by transporting it Into the host cell, probably using a Na'/K' ATPase. As transport of sugars and 
amino acids is usually down a Na` gradient, it Is likely that sugar transport Into the parasite is more 
easily achieved across the outer membrane than through the attachment organelle. Movement of water 
is secondary to the movement of ions and sugars. With sugars being taken up by the cryptosporidia and 
converted into mannitol, or used metabolically, there will be a reduction In the amount of sugar available 
to the enterocytes. 
Mannitol produced by Cryptosporidium is unlikely to pass into the host enterocytes because it will not 
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Figure 1.5.2 Hypothesis for ion and sugar transport in crvatosooridiosis of the jejunum 
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Glucose is transported Into enterocytes down a Na' gradient, and the Na+ Is actively transported Into the lateral intercellular 
spaces using a Na+/K` ATPase. Glucose Is also carried into the Cryptosporidium parasitophorus vacuole down a Na' gradient. 
Within the vacuole it is converted into mannitol by the enzymes phosphoglucose isomerase, mannitol-I -phosphate 
dehydrogenase and mannitol phosphatase. Mannitol cannot easily pass across biological membranes, and builds up within the 
vacuole. Sugar is transported Into the parasite by the conversion of mannitol to fructose by mannitol dehydrogenase at the 
parasite cytoplasmic membrane, and transport of fructose. The Na' passes from the parasite to the enterocyte using a Na+/K+ 
ATPase in the attachment organelle. Mannitol Is not readily metabolised by intestinal enzymes, and the rupture of schizonts 
liberates mannitol into the gut lumen, causing a local rise in osmotic pressure. The parasites can continue to transport glucose 
into the parasitophorus vacuole using the Na+ gradient, while enterocytes lose water and Nair and both cells and whole villi 
lose their tone because of fluid and energy depletion. 
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readily cross host membranes, and any significant amount in enterocytes would cause cell swelling. Its 
synthesis at points during the life cycle could initiate the bursting of schizonts to liberate merozoites into 
the gut lumen by osmotic pressure, and would at the same time release mannitol. Electron micrographs 
of various stages of the life cycle of Cryptosporidium saa show electron lucent areas. The round 
vacuoles are probably amylopectin (Current & Reese, 1986), but the electron lucent areas between the 
Inner and outer parasite membranes, the parasitophorous vacuole, is a good candidate site for mannitol 
storage. During the life cycle the parasitophorous vacuole changes in size, as demonstrated in electron 
micrographs, and also in living stages using Nomarski microscopy (Current & Reese, 1986). In the 
macrogametocyte prior to fertilisation, there is a close association between the four membranes 
separating the parasite from the Intestinal lumen (Current & Reese, 1986; Fig 39), allowing the 
microgamete to attach to and penetrate these membranes, and fuse with the nucleus. After zygote 
formation a parasitophorous vacuole forms between these two sets of membranes, and this represents 
nearly half of the parasite volume. With the deposition of the outer and Inner oocyst walls at the site of 
the inner of the two membranes (Current & Reese, 1986; Fig 41) a second parasitophorous vacuole Is 
formed between the outer and Inner oocyst walls. It Is hypothesised that these vacuoles form by the 
action of M1 PDH and M1 Pase at the membrane surface, causing the synthesis of mannitol between the 
membranes, and drawing water into the vacuole by osmotic pressure. Water would move from both 
outside and inside the parasite, causing a dehydration of the sporozoites which may aid parasite 
preservation, and the maintenance of oocyst Internal pressure. Mannitol syntheslsed Into the 
parasitophorous vacuole of schizonts may bring about outer membrane bursting through an Increase 
in osmotic pressure. The deflated ball appearance of the oocyst wall of some oocysts within their 
parasitophorus vacuoles (Angus et al, 1985; Barker & Carbonell, 1974; Current et al, 1983; Current, 1983) 
may be due to higher mannitol concentrations in the parasitophorus vacuole than in the oocyst vacuole. 
Luminal mannitol would cause osmotic fluid loss from the enterocytes when It reached a concentration 
of around 20 mM. Mannitol passing Into the ileum and colon will be fermented by the Intestinal flora 
causing malabsorption, with H2 production and bile acid deconjugation. 
Crude calculations suggest that doubling the radius of a length of bowel Increases its volume by four 
times, but its surface area Is only doubled. If the bowel surface is Infected with Cryptosporidium at the 
same density then mannitol production will be doubled, but it will be diluted with the four times Increased 
volume, causing a smaller osmotic effect. This size based phenomenon could partly explain why 
susceptibility to cryptosporidiosis Is reduced as animals grow in the first few days of life. 
The mannitol cycle converts glucose or fructose into mannitol, and the presence of these sugars In the 
small intestine will allow mannitol synthesis. Jervis et al (1966) found that Infected guinea pigs showed 
reduced infection when animals were starved for four days prior to Infection, which Increased following 
the resumption of feeding. They suggested that cryptosporldia derive their nutrients, at least In part, from 
the gut lumen. The absence of glucose and other sugars in the intestinal lumen will reduce the synthesis 
of mannitol, and restrict the growth of cryptosporidia. Tzipori et al (1981) showed reduced milk Intake 
In lambs Infected with Cryptosporldium, Cryptosporidium and Rotavirus, and Cryptosporidium and ETEC, 
compared with combinations of ETEC and Rotavirus, and uninfected controls, and this may represent 
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a host defense to restrict the growth of, and mannitol production by, cryptosporidium. 
Mannitol may act as an osmotic toxin In cryptosporidiosis, and cause fluid secretion in the proximal 
jejunum. The toxic effect will be reversible once the mannitol Is removed, and the presence of large 
numbers of microorganisms will facilitate its fermentation. Harp et al (1988) showed that gnotoblotic mice 
were more easily infected with C. arv m than antibiotic treated ones, and the presence of a significant 
bowel flora may be responsible for the absence of significant Infections In many laboratory animals. 
1.5.14 Physiology The particular niche occupied by Cryptosporidium, and the fact that no closely 
related organism occupies a similar niche, makes interpretation of physiology by comparison with related 
organisms more complex. 
1.5.15 Movement has been observed In merozoites and sporozoites of arvm, Including 
sporozoite motility within oocysts, and post excystation (Current & Reese, 1986). There are three types 
of movement, which appear to use independent mechanisms. These are gliding, flexing, and an In/out 
probing of epithelial cells with the apical complex. 
King (1988) has shown gliding in sporozoans to be an ATP driven, actin/myosin mediated mechanism 
in which molecules In the outer (plasma) membrane are pulled from the anterior to the posterior end of 
the parasite, in a manner similar to the capping demonstrated In lymphocytes (Alberts et al, 1983). The 
adhesive molecules Involved carry attached material with them, and this causes movement of the 
parasite In the opposite direction. This anterior - posterior movement Is thought to be involved in the 
pulling of host epithelial cell membranes over the parasite during cell entry (King, 1988). Evidence for 
this mechanism In Cryptosporidium Is limited, but some monoclonal antibodies against sporozolte 
surface antigen stain the posterior brightly, Indicating antigen accumulation resulting from capping. It 
Is unclear whether molecules which pass to the posterior of the parasite are recirculated by membrane 
fluidity, or by internal transport. Arrowood et al (1991) used a monoclonal antibody against the 23 kDa 
antigen to demonstrate its presence in the trail made by sporozoites that have glided over polylysine 
coated slides. They suggest that this 23 kDa antigen may represent an adhesin involved In gliding 
motility. 
Flexion probably results from the action of microtubules and filaments, which are formed from pools 
of soluble tubulin and actin (Alberts et al, 1983). Microtubules have been seen In Cryptosporldium 
merozoites (Current & Reese, 1986). 
Probing of enterocytes using a movement of the conoid in and out relative to the zolte, may result from 
microtubule activity, or from the action of parts of the apical complex. 
Apart from these three types of movement, there Is expulsion of the rhoptries at the moment of cell 
penetration, and internal migration of the nucleus within the sporozoite following cell attachment (Current 
& Reese, 1986). 
1.5.16 Respiration In coccidia has been studied using the oxygen uptake during sporuiation (Wang, 
1982). In Cryptosporidium, respiration may be aerobic or anaerobic, as the intracellular position means 
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it will get oxygen from the host, but it also protrudes Into the Intestinal lumen which has a 
microaerobic/anaerobic environment, and sporozoites and merozoites will get little oxygen from their 
environment. Oxygen, or an alternative electron acceptor Is required for oxidative phosphorylation, and 
Cryptosporidium may make use of the mannitol cycle as an electron sink (Schmatz, 1989). 
1.5.17 Feeding In Cryptosporidium Is thought to be through the attachment, or feeder, organelle 
(Pohlenz et al, 1978; Goebel & Braendler, 1982). Other enteric coccidia live Intracytoplasmically, and 
obtain their nutrition from the host cells (Levine, 1988). The attachment organelle contains invaginated 
membranes which increase the membrane surface area between host and parasite, facilitating increased 
nutrient and/or Ion transport. 
Enterocytes are polar, with an absorptive microvillus border membrane In contact with the gut lumen, 
and a basolateral membrane allowing nutrients to pass into the bloodstream (Berne & Levy, 1988). 
Cryptosporidium Is located at the microvillus border of the enterocyte, and is also polar, with one side 
In close contact with the gut lumen, and one attached to the cell. The intestinal lumen, under normal 
circumstances, has a high Na' Ion concentration, and the enterocyte maintains a low Na` Ion 
concentration through Na+/K+ ATPase in the basolateral membrane. The parasite therefore has a high 
Na' ion concentration on its outer membrane, and a low Na` Ion on the cell side of its attachment 
organelle. As most intestinal transport Is down a Na' ion gradient (Alberts et al, 1983), and the outer 
parasite membrane Is of host brush border origin, it Is likely that the parasite obtains sugars and amino 
acids from the gut lumen. 
1.5.18 Energy generation In free living organisms Is predominantly through oxidative phosphorylation, 
and substrate level phosphorylation, but In parasites host molecules can be used. The absence of 
mitochondria in C. parvum may reflect an anaerobic or microaerophilic existence In which substrate level 
phosphorylation Is more Important In energy generation than oxidative phosphorylation. C. m ri has well 
defined mitochondria (Uni et al, 1987) and presumably uses these for oxidative phosphorylatlon. 
1.5.19 Excretion of waste products and metabolites has not been studied in Cryptosporidium, but the 
residual body in meronts and oocysts may be a site where products that cannot be excreted are stored. 
There are often vacuoles and inclusions in residual bodies which may represent sites of waste storage, 
and the ectomerogony of meronts will allow stored waste to be passed to the residuum, leaving little in 
the merozoites. 
1.5.20 Hydrostatic pressure, probably mediated by osmotic pressure, maintains the shape of 
cryptosporidia throughout the lifecycle. Schmatz (1989) has shown that C. parvum has two of the 
enzymes of the mannitol cycle, and mannitol, stored In the parasitophorous vacuole, appears to be a 
good candidate for the main osmotic regulator molecule. It is a polar (hydrophilic) sugar alcohol, and 
will not readily pass across lipid membranes. It is possible that oocysts retain their oval shape for long 
periods through high concentrations of mannitol In the oocyst vacuole. There Is no experimental 
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evidence for this assertion, except that mannitol has been detected In unsporulated oocysts of E. tenella 
at concentrations of 300 mM. Sucrose flotation of oocysts can cause oocysts to change in size (Upton 
et al, 1989), Indicating the oocyst wall represents an osmotic barrier. It has also been noted that 
Cryptosporidium oocysts are sensitive to drying (Anderson, 1986). 
1.5.21 The genetics of Cryptosporidium is poorly understood, and good molecular markers are not 
yet available for examining genetic recombination. It Is unclear to what extent a population of C. parvum 
growing in the intestines of a host is homogeneous, or heterogeneous, but if one assumes that the four 
sporozoites present in a single oocyst contain non-identical mixtures of genes, and Infection Is usually 
with more than one oocyst, then it Is rational to assume that the Infecting population Is heterogenous. 
1.5.22 Chromosomes from Cryptosporidium sporozoites have been studied using field inversion gel 
electrophoresis. Six bands were found in C. baileyi (Mead et at, 1988) and five in C. parvum (Mead et al, 
1988; Nelson et al, 1991), although the true number of chromosomes is probably larger. In C. parvum 
the bands seen were from 1,400 kB to 3,300 kB in size (Mead et al, 1988), although smaller bands 
were also demonstrated, ranging from 900 to 1,400 kB (Nelson et at, 1991; Gooze et al, 1991). The 
genome size has been estimated to be between 1-2 X 10' bases (Nelson et al, 1991; Dykstra et at, 1991). 
The DNA Is thought to be 60-70% AT rich (Nelson et al, 1991). 
1.5.23 Genes from C. parvum have been cloned into E. coli strain Y1089 using lambda gt11, and an 
expression library was produced (Gordon et al, 1990). Screening with pooled anti Cryptosporidium rat 
serum, yielded a fusion protein of approximately 180 kDa which has been expressed In E. coli. The first 
published sequence of C. parvum was from three regions of the 18s rRNA obtained by reverse 
transcription of ribosomal RNA from conserved primers at five sites along the ribosomal RNA (Johnson 
et al, 1990). Genomic libraries were created using XZAP and MASH vectors, which can carry 2 kB and 
14 kB respectively (Dykstra et al, 1991). C. parvum AZAP clones were Isolated and sequenced, and three 
of the sequences showed homology with mitochondria) ATPase, liverwort chloroplast, and S. cerevisiae 
RAP1 genes. These sequence homologies indicate that there are mitochondrial genes present in 
C. parvum, even though the mitochondria cannot be clearly viewed in electron micrographs, and suggest 
that the non-mitochondrial extrachromosomal element recently reported in Plasmodium, and thought 
to have plastid origins (Wilson et al, 1991), may also be present in Cryptosporidium. 
Another library constructed in Jlgtl1 was used to isolate a C. parvum actin gene, a and 8 tubulin genes 
(Nelson et al, 1991), a thymidylate synthetase gene (Gooze et al, 1991), and a sporozoite surface protein 
(Petersen et al, 1991). The actin gene, which is highly conserved in eukaryotes, contains 42,106 bases, 
forms a polypeptide with 376 amino acids, and is located as a single copy on a 1,200 kB chromosome. 
It was 72% AT biased In the 3rd base of codons (Nelson et al, 1991). The a and 8 tubulin genes were 
present on a 1,200 and 1,400 kB chromosome respectively. A >300 kDa antigen was detected on 
western blots which bound MAb 10C6, and was found to be a surface glycoprotein of sporozoites. The 
gene coding for this protein Is present as a single copy on the largest of the chromosomes, and 
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encodes a polypeptide which Is less than 200 kDa, Indicating that the protein is heavily glycosylated 
(Petersen et al, 1991). The thymidylate synthetase/ dihydrofolate reductase gene is encoded as a fused 
gene, as has been found with other protozoa, and Is located on a 1,200 kB chromosome (Gooze et al, 
1991). 
1.5.24 Nuclear division In asexually dividing coccidia is usually by endodyogeny, with two daughter 
organisms forming within the mother cell (Scholtyseck, 1979). Cryptosporidium produces merozoites 
by ectomerogony, or external budding (Current & Reese, 1986). Endodyogeny begins with the division 
of the Golgi apparatus and Golgl adjunct, and the development of an Inner membrane complex, with 
an open top, from the endoplasmic reticulum of the mother cell. The polar ring, conoid and micronemes 
develop, and the nucleus starts to divide, forming two osmiophilic centrocones, and an eccentric spindle. 
There are usually two centrioles associated with each centrocone, and the nuclei, and mitochondria 
migrate into the developing daughter cells. As the merozoites develop, the Inner membranes of the 
mother disappear, and the mother cell outer membrane forms the outer membrane of the two daughter 
cells (Scholtyseck, 1979). 
In ectomerogony in Cryptosporidium, nuclei divide two or three times to give four, six or eight nuclei, 
before merozoites bud off from the mother cell into the parasitophorus vacuole. The anlagen of rhoptries 
develop before merozoites begin to bud off, and the merozoites remain attached to the residual body 
until they are mature. Nuclear division Is by semi open pleuromitosis (Sleigh, 1989), and chromosomes 
are separated by microtubules attached to the inner parasite membrane, probably at the site of the 
posterior polar ring, and microtubules extend through the nuclear membrane (Figure 1.5.3-1.5.8). 
The sexual part of the lifecycle involves the penetration of a macrogamete by a microgamete, and fusion 
of the nuclei, with chromosomal crossing over within the zygote. The zygote Is the only stage In the 
iifecycle where the organism Is diploid, and nuclear division results in two haploid nuclei with different 
genetic compositions. Further nuclear division produces four sporozolte nuclei, two pairs which are 
genetically Identical, but different from the other pair (Figure 1.5.9). 
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Figures 1.5.3-1.5.8 Asexual reproduction of the haploid chromosomes of Cryptosporidium by 
semi-open pleuromitosis (After Sleigh. 1989) 
Figure 1.53 lode moving by an actin/myosin based mechanism 
which possibly involves subpellicuiar mierotubules (Idng. 1988). Nuclear 
division is not possible at this stage. 
PPR 
APR -conoid 
Figure 1.5A Cell penetration involving a capping type mechanism, 
with the host epithelial cell membrane being carved In a band around 
and over the parasite, to the posterior polar ring (PPR). 
0 
Figure I. 5 1 PPRs migrate away from riot other, probably under the 
influence of subpellicular m, crotubules. 
All" 
Figure I. 5.7 The nucleus drvmdes, forming two nuclei with identical 
sets of haploid chromosomes. the process of nuclear 
division is 
repeated once or twice to give 4,6, or 8 nuclei. 
Figure 13.1 Parasite outer membrane starts to form the snaoe of 
zoites, each with Is own nucleus. 
Figure 1.5.9 Meiotic sexual reproduction in which a microaamete and a macrogamete fuse to form 
a zygote, and this divides to form two sets of genetically identical sporozoites. 
ýý 
(i) 
Microgamete AB 
Macrogamete A'B' 
Zygote A AS B' 
First nuclear division A B' 
A'B 
Sporozoites A B' 
A B' 
A' B 
A'B 
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A. 5.25 Oocyst viability decreases progressively with time and can be determined using three 
techniques. The best indicator of infectivity is animal Inoculation, and suckling mice are the model of 
choice (Sherwood et al, 1982). The mice are inoculated in the first few days of life, and faecal samples 
and intestinal histology are used to determine Infection. A simpler indicator of viability rather than 
Infectivity (although they are usually closely related) Is the ability of oocysts to excyst. This was 
determined by incubating the oocysts with trypsin and bile salts, and looking for sporozoites (Blewett, 
1988). The result is usually expressed as a percentage of oocysts excysting, or a percentage excysting 
relative to a control sample. Vital dyes can be used to determine oocyst integrity. 
1.5.26 Temperature at which oocysts are stored strongly Influences oocyst survival. They are made 
non-viable by freezing (Tzipori, 1983), and samples stored in refrigerators which are extra cold may lose 
viability for no apparent reason. Henriksen (1988) found oocysts stored at 4°C for 4-6 months were still 
viable, and Nacirl et al (1984) found oocysts still viable after one year at 4°C. Henriksen (1988) showed 
a complete loss of Infectivity In oocysts stored at 15-20°C for two weeks, and Sherwood et at (1982) 
showed loss of viability within one week at 37°C. Oocysts stored In 1.7% potassium dichromate at 20- 
25°C for 8 weeks were still viable (Sherwood et at, 1982). Potassium dichromate has the advantage of 
preventing the growth of bacteria and fungi, but requires thorough removal by washing before 
excystation (Blewett, personal communication). As Cryptosporidium Is resistant to most antibiotics, 
mixtures of antibiotics can be used to decontaminate oocyst suspensions (Current & Long, 1983). 
Oocysts are rendered non-infective by storage at 45°C for 20 minutes (Anderson, 1986), above 65°C for 
30 minutes (Naciri et al, 1984), and Blewett (1988) showed excystation and Infectivity decreased sharply 
between 45 and 50°C, with 5 minutes at 55°C being lethal (Figure 1.5.9). Cryopreservation of C. parvum 
has been reported (Rossi et al, 1990), but has proved difficult to repeat. 
Figure 1.5.10 The thermotolerance of C. parvum held at various temperatures for 5 minutes 
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2 Cryptosporidiosis: the disease 
Cryptosporidiosis In man and animals differs widely in clinical presentation, and the site of infection and 
pathology differ In many respects. Infection of mammals with arv m can result In an Intestinal 
Infection of enterocytes, although adult animals are usually asymptomatic, or resistant to Infection 
(Angus, 1988; Current & Blagburn, 1990). Mice and cattle with C. murls have infected gastric glands In 
the stomach (Tyzzer, 1907; 1910; Uni et at, 1987; Anderson, 1987). Reptiles get gastritis associated with 
cryptosporidiosis (Upton et at, 1989), and birds suffer from respiratory and intestinal Infections (Current 
& Blagburn, 1990). The pathology of Infection In different species has many similar features, which 
presumably involve common pathological mechanisms. 
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2.1 Human cryptosporidiosis can be either clinical or subclinical, and can be a short self-limiting 
diarrhoeal Infection, or a chronic life threatening watery diarrhoea. The course of Infection Is probably 
related to previous exposure to the organism, and to the current state of the patients health and 
Immunity. 
2.1.1 The incubation period of cryptosporidiosis Is thought to be from 3 days to a week, but may be 
longer in some cases (Casemore, 1990; Crawford & Vermund, 1988). The source and timing of exposure 
are difficult to determine accurately (Jokipil et al. 1985). The duration of exposure, and incubation period 
were determined in people returning to Finland from the USSR. Their length of stay in Leningrad, which 
was thought to be the source of infection was 3.4 ± 2.5 days. The mean Incubation period was 7.2 t 
2.4 days (Jokipil & Jokipii, 1986). A family outbreak thought to have been initiated from a one day visit 
to a farm, suggested a three day Incubation period in two people (Ribeiro & Palmer. 1986). Four people 
had cryptosporidiosis between 4 and 9 days after arriving on the Island of St Lucia, and water and 
uncooked vegetables were Implicated (Ma et at, 1985). A researcher had symptomatic cryptosporidiosis 
5 days after exposure to Infection while inoculating a rabbit (Blagburn & Current, 1983). As mixed 
Infections are not uncommon, a patient who appears to have a very short Incubation period may be 
infected with a virus or other pathogen which is not detected (Casemore, 1990). Experimental Infection 
in Infant pigtailed macaques (Macaca nemistrina), a model of Infant cryptosporidiosis, produced enteritis 
within 7 to 10 days of inoculation, irrespective of whether animals were given a large or small inoculum. 
It is assumed that someone infected with a large inocuium, who has never before had cryptosporidiosis, 
will have a shorter incubation period than someone who has been infected in the past who receives a 
small inoculum. 
2.1.2 The prepatent period is the time from receiving an Infective dose until parasites are first 
demonstrated in the host. This period is comparatively easy to determine in experimental animals, but 
in naturally Infected humans is extremely difficult to estimate. It Is likely to be shorter than the Incubation 
period. In calves, the prepatent period In both experimentally and naturally Infected animals, was 4-5 
days (Blewett, 1988). 
2.1.3 The infective dose for humans Is assumed to be small (Casemore, 1990), this being mainly 
based on experimental evidence from laboratory animals. Using 5 day old mice, Ernest et al (1986) 
found an ID50 for suckling mice of between 500 and 1000 oocysts. Infection was produced in guinea pigs 
with 325 oocysts (Chrisp et al, 1990), and an infective dose of 2000 oocysts per gram of body weight 
In immunosuppressed hamsters (Rossi et al, 1990). In immunosuppressed rats, 80% of animals were 
infected following inoculation with 10,000 oocysts (Rehg et al, 1987). The infective dose is related to the 
age, extraction techniques, and storage conditions of the oocysts. In neonatal mice Infected with purified 
zoites, the ID, 0 was 8X 103 for sporozoites, and less than 5X 102 for merozoites. It is unclear whether 
thin-walled oocysts are infectious, and if they are important in initiating infection. Enteritis was produced 
in infant pigtailed macaques using Inocula as small as 10 oocysts (Miller et al, 1990). 
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2.1.4 The duration of disease varies widely between patients, but In Immunocompetent individuals 
prolonged illness is unusual (Crawford & Vermund, 1988). Hart et al (1984) found the mean duration to 
be 12 t5 days (range 5-24), with no great difference between children of different ages. In another 
study of 50 patients, symptoms lasted for 12.2 t 6.0 days (Jokipil & Jokipil, 1986). Baxby et al (1985) 
showed a mean duration of diarrhoea of 12 days in 33 Immunocompetent patients (mostly children). In 
immune deficient patients the period of excretion is extended, and usually lifelong. 
2.1.5 The duration of excretion of oocysts depends on the sensitivity of the oocyst detection 
technique used, with patients sometimes remaining symptomatic when oocysts are no longer detectable 
(Jokipil & Jokipii, 1986). The duration of excretion was 24 t6 days In infected children, with a duration 
of diarrhoea of 13 t5 days, showing excretion of oocysts lasted around 11 days longer than symptoms 
(Hart et al, 1984). Baxby et al (1985) found 60% of 33 patients ceased to shed oocysts within one week 
after becoming asymptomatic, 15% continued to excrete for 2 weeks, and one patient was still shedding 
after 3 weeks. Jokipil & Jokipii (1986) determined the duration of excretion after the resolution of 
symptoms in 19 patients, and found a mean of 6.9 days. In 14 patients followed up for two or more 
months, 3 (21 %) had periods of asymptomatic excretion. Shepherd et al (1988) found most patients had 
stopped shedding oocysts by 20 days from the start of symptoms. 0 
2.1.6 The duration of infection Is difficult to determine, but must be from shortly after the Ingestion 
of oocysts, to some time after oocyst excretion has ceased. Rehg et al (1988) used dexamethasone 
immunosuppressed rats as a model of cryptosporidiosis, and following the withdrawal of the drug 
animals quickly stopped excreting oocysts. Reintroduction of the dexamethasone for 21 days caused 
the Infection to recur in 44% of animals which had convalesced for 10 weeks, but not In any after 24 
weeks, suggesting latent infection. Latent Infection in humans was suggested to occur (Jokipil & Jokipil, 
1986), and may be responsible for oocyst excretion after a long period of non excretion, although 
reinfection Is an alternative explanation. 
2.1 .7 The symptoms and signs of cryptosporidiosis most commonly reported are diarrhoea which 
is often watery, abdominal pain, vomiting, nausea, fever, weight loss, anorexia, coryza and malaise. The 
frequency, duration and severity of symptoms varies considerably. Symptoms may wax and wane, and 
patients frequently describe exacerbations of symptoms following eating (Soave, 1988). Dehydration and 
failure to thrive were found in a third of children (Hart et al. 1984). Reactive arthritis In the neck, lower 
back, and knee has been demonstrated in a 27 year old man with cryptosporidiosis (Hay et al, 1987). 
The severity and duration of illness depends on the patients Immune competence, and In 
immunologically deficient people the onset of symptoms may be Insidious, and these worsen as the 
immune status declines, to give voluminous diarrhoea and weight loss which persists until Immunity 
improves, or until death (Soave, 1988). 
2.1 .8 Asymptomatic Infection Is reported to be uncommon in people without gastrointestinal 
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symptoms (Crawford & Vermund, 1988), Including sexually active homosexual men who had other 
Intestinal parasites (Chiasson et al, 1985). Asymptomatic infection was demonstrated in 2/12 people 
infected with Cryptosporidium from calves (Current et al, 1983), and In a patient with AIDS (Zar et al, 
1985; Zar, 1990). Cryptosporidium was demonstrated In the small bowel contents, but not small bowel 
biopsies, of 12% of patients undergoing upper endoscopy or endoscopic retrograde 
cholangiopancreatography (Roberts et al, 1987). Of the 17 patients with Cryptosporidium, none had the 
symptoms usually associated with cryptosporidlosis, and oocysts were detected In one or more stool 
samples In only 7 of the patients. Others have not found Cryptosporidium In any biopsies from patients 
without diarrhoeal symptoms (Casemore, personal communication). A high incidence of asymptomatic 
cryptosporidiosis was demonstrated in patients before and after renal transplantation (Roncoroni et al, 
1989). Raised antibody titres were demonstrated In 8/26 hospital staff exposed to a patient with chronic 
cryptosporidiosis (Koch et al, 1985), but also In 3/18 people not exposed, Indicating that antibody tests 
on their own probably represent a poor way of assessing whether asymptomatic Infection is present, 
although specific tests for IgG and IgM make it easier to tell If Infection is recent. In developing countries 
with poor water supplies and sanitation, and in communities where people live in close proximity to 
domestic animals, Infection Is common (Crawford & Vermund, 1988). In these communities there is a 
high rate of Infection in symptomatic and asymptomatic children (Mathan et al, 1985), the latter probably 
reflecting Immunity Induced by repeated infection. Most of the reports of asymptomatic cryptosporidlosls 
have been In family members, or contacts of, patients with cryptosporidiosis, and there have been no 
large studies of Cryptosporidium Infection In asymptomatic people sampled in the community. 
2.1.9 Biochemical and haematological tests in Immunocompetent patients with cryptosporidiosis 
rarely show distinct haematological or biochemical changes. Peripheral blood leucocytosis, and serum 
electrolyte abnormalities are unusual, unless there Is severe dehydration (Warrell, 1990). Eosinophilia has 
been found in some patients without other detectable parasitic infections (Arnaud-Battandier et at, 1982; 
Hart et al, 1984; Pitlik et al, 1983). Five of six patients with AIDS had Intermittent serum potassium levels 
of <3mEq/L (hypokalemia) and Increased serum creatinine levels, 4/6 had albumin levels of <3 g/dL 
(hypoalbuminaemia), and 5/6 had abnormal liver function tests, with mild to moderate Increases In lactic 
dehydrogenase (LDH) and serum glutamic oxaloacetic transaminase (SGOT). 2/6 had raised alkaline 
phosphatase (AP) levels, steatorrhoea (stool fat >6 g/ 24 hr), and abnormal D-xylose absorption tests 
(Pitlik et al, 1983). Severe hypokalemia and dehydration has been seen in patients without an impaired 
immune system (Jongwutiwes et al, 1990). In patients with cryptosporidial cholecystitis there can be 
raised serum AP and gamma glutamyl transpeptidase (GGT) levels, but normal bilirubin and 
transaminases (Ma, 1988). An abnormal Schilling test (for vitamin B12 absorption) was found In several 
AIDS patients with cryptosporidiosis (Cohen et at, 1984; Connolly et al, 1990). D-xylose absorption was 
reduced In AIDS patients with cryptosporidiosis or microsporidiosis (Kotler et al, 1990). Ileal and jejunal 
absorptive function was examined In 6 AIDS patients, one of whom had cryptosporidiosis. Proximal 
function was examined using [C14] Triolein test of fat absorption, distal function with [75Se] seleno-23- 
homocholic acid-taurine for bile acid absorption, and vitamin B12-intrinsic factor absorption, and 
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bacterial overgrowth using [C14] glycocholate and breath hydrogen (Kapembwa et al, 1990). There was 
reduced bile acid, vitamin B12 and fat absorption in the patient with cryptosporidiosis, with no evidence 
of small-intestinal bacterial overgrowth. There was no abnormality in gastric acid production or Intestinal 
motility in one patient with cryptosporidiosis in AIDS (Cohen et al, 1984). 
In summary, cryptosporidiosis in immunodeficient patients is associated with malabsorption of sugar, 
fat, bile, and vitamin B12, and when there Is hepatic involvement there may be raised SGOT, GGT, AP, 
and LDH levels. Infection affects absorption in both the proximal and distal small bowel. 
2.1.10 Diagnostic procedures Sigmoidoscopy and small bowel biopsy are widely used to examine 
AIDS patients with diarrhoea and weight loss (Connolly et al, 1990; Kotler et at, 1990; Meyers et at, 1990; 
Hirschel, 1990), and In other patients (Roberts et at, 1989), and is useful in demonstrating Intestinal 
microsporidia as well as Cryptosporidium (Kotler et al, 1990; Muscat, 1990). Computerised tomography 
scans have been used to demonstrate thickening of the gastric antrum, small intestine, and sigmoid 
colon (Soulen et al, 1986; Greyson-Fleg et al, 1986; Yana et al, 1989), and an enterovesical fistula 
(Meyers et at, 1990) in AIDS patients with cryptosporidiosis. Cholangitis and pancreatitis in 
cryptosporidiosis have been demonstrated using ultrasound (Romano et al, 1988; Hawkins et at, 1987; 
Yana et at, 1989), and radiography (Davis et al, 1987). The use of colonoscopy and double contrast 
barium enema was found to add little useful information that could not be obtained by rigid 
sigmoidoscopic biopsy and stool microscopy (Connolly et al, 1990). An Increased intraiuminal pressure 
was demonstrated in the jejunum of an AIDS patient with cryptosporldiosis using a perfused catheter 
(Cohen et at, 1984). 
Follow-up biopsy studies in a patient immunosuppressed with cyclophosphamide and prednisoione who 
recovered from his cryptosporidlosis following drug withdrawal, showed the return of normal villus 
architecture, and reduction in inflammatory cells within the epithelium and lamina propria (Meisel et at, 
1984). 
2.1.11 Immunodeficiency allows cryptosporidiosis to progress in a chronic, and often severe form, 
leading to weight loss, wasting, and death (Soave, 1988). Comparison of the various congenital and 
acquired immune deficiency states indicates that Immunity to Cryptosporidium requires both cellular and 
humoral responses. Experimental infections were produced in mice given monoclonal antibodies against 
T helper cells, indicating these are Important in the normal Immune response in cryptosporldiosis. Taghl- 
Kilani et al (1990) showed no difference between cryptosporidiosis in normal and B cell depleted 
neonatal mice, and suggested that antibody production plays a minor role In recovery from Infection. 
2.1.12 AIDS. Gastrointestinal disease is commonly associated with HIV Infection and contributes 
significantly to morbidity and mortality (Edwards et al, 1990). AIDS predisposes people to 
cryptosporidiosis, although It is unclear to what extent patients are protected by previous exposure. 
Once Infection has taken hold it is uncommon for patients to rid themselves of the parasite, although 
temporary Improvements in Immunity, associated with zidovudine, have been observed (Chandrasekar, 
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1987). In comparison with cryptosporidiosis in immunocompetent people there are several differences. 
Watery diarrhoea and abdominal pain are more severe, and weight loss is greater (Soave, 1988). The 
duration of diarrhoea is usually longer, as is faecal parasite shedding, and there is biliary tract 
involvement in 10% of patients and pulmonary involvement in 2%. Cryptosporidium Is the leading cause 
of gastro-intestinal illness in the greater New York area, and it affected approximately 10% of AIDS 
patients in New York In 1988 (Soave, 1988). A study reported in 1990 showed 11 % of non AIDS patients, 
and 51 % of AIDS patients with diarrhoea had Cryptosporidium oocysts in their faeces (Tsaihong et al, 
1990). In Africa, 60% of AIDS patients have been reported to have cryptosporidiosis (Fleming, 1990), 
although in the Ivory Coast 6% of people with diarrhoea who were suspected of having AIDS, were 
infected with Cryptosporidium, compared with 16% with Isom orp a bella (Coleblunders et al, 1987). 
Cryptosporidiosis without symptoms has been demonstrated In patients with AIDS (Janoff et al, 1990), 
although the severity of infection Is often reduced when the patient's immunity is Improved with AZT 
treatment (Connolly et al, 1988). Cryptosporidium was not found in 134 apparently healthy homosexual 
men, although other protozoan Infections were common (Jokipil et al, 1989). 
2.1.13 Hypogammaglobulinaemia can predispose people to cryptosporidiosis, and infection was 
found with specific IgA deficiency In combination with immunosuppression In a renal transplant recipient 
(Weisburger et al, 1979). Protracted cryptosporidiosis was found In a patient with selective 
immunoglobulin A, and Saccharomyces opsonin deficiencies (Jacyna et al, 1990). 
2.1.14 Cytotoxic chemotherapy In acute leukaemia, lymphoma, bone marrow transplant, renal 
transplant, breast cancer, and bullous Impetigo, allows chronic cryptosporidiosis to occur, and 
modification of chemotherapy was associated with successful eradication of Cryptosporidium In many. 
In a review of 28 non-AIDS immunocompromised patients, 16 recovered from the Cryptosporidium 
associated diarrhoea, 9 died, and 3 had chronic cryptosporidiosis at the time of the report (Crawford 
& Vermund, 1988). 
2.1.15 Malnutrition Is associated with cryptosporidiosis in children (Neira et al, 1989), and 
Cryptosporidium was detected in 8.5% of undernourished children attending a nutritional recovery 
centre, compared with 1.9% of ambulatory patients. Infection can be life threatening In malnourished 
children (Keren et al, 1987). As there is weight loss associated with cryptosporidiosis, it Is unclear 
whether this association is due to weight loss from infection, or to malnourished people being more 
susceptible to infection. 
2.1.16 Other Immune-deficiency states may predispose people to cryptosporidiosis, and 
Cryptosporidium oocysts were found In 9/21 asymptomatic patients before renal transplantation, In 
11/26 asymptomatic patients after transplantation, and In 11/14 patients with diarrhoea (Roncoroni et 
al, 1989). A previous report showed cryptosporidiosis In a renal transplant patient with IgA deficiency 
(Weisberger et al, 1979). Cryptosporidium infection has been seen in a patient with thalassaemia major 
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(Gledhill & Porter, 1990), but does not necessarily Indicate that it is more common, or more severe In 
patients with Iron overload (Stanley et al, 1990). 
It has been suggested that Cryptosporidium Infects the young and very old, whose immune systems are 
relatively diminished (Crawford & Vermund, 1988), and while this may be the case in Infants, there are 
relatively few old people who suffer from cryptosporidiosis. 
2.1.17 The sites infected range from mouth to anus, with rare non-intestinal infections. The small 
intestine is the most commonly infected site, with infection at other sites being uncommon without 
associated small intestinal involvement. It is unclear why C. parvum grows predominantly in the small 
intestine. This could be the result of the biochemical environment, or be due to fewer immunological 
defences of this, as against other, sites. 
2.1.18 The pathology of human cryptosporidiosis has been determined mostly from patients with 
severe immunodeficiency using biopsy material, or from post mortem tissue. The disease In 
immunocompetent well nourished people is self limiting, and endoscopic examination in these patients 
is not justified. In AIDS patients biopsy material has proved useful, but post mortem material can be 
difficult to obtain because of Infection risks associated with performing autopsies on HIV Infected 
patients. Cryptosporidium is usually found attached to the microvillus surface of epithelial cells, growing 
underneath the outer cell membrane, but not within the cytoplasm (Meisel et al, 1976; Cohen et al, 
1984). Infected cells show few signs of infection (Andreani et at, 1983). There were no microvillus rootlets 
under the parasite, but there was a dense fibrillar band separating the parasite and host. Histological 
changes Include blunting of villa, lengthening of the crypts, Infiltration of the lamina propria with 
lymphocytes, polymorphonuclear neutrophils, and plasma cells (Weisburger et al, 1979; Meisel et al, 
1976; Andreani et al, 1983 Cohen et al, 1984), and occasional crypt abscesses. Organisms were found 
predominantly on the tips and sides of villa, but sometimes in the crypts (Meisel et at, 1976), and goblet 
cells and Paneth cells were not Infected. 
2.1.19 The oesophagus, pharynx, and minor salivary glands of a child with Immune deficiency due 
to primary hypogammaglobulinaemia, were shown to be infected with Cryptosporidium, in addition to 
the small and large bowel (Booth et al, 1980). Oesophageal infection was also demonstrated In a child 
with AIDS, dysphagia and vomiting, who was excreting Cryptosporidium oocysts (Kazlow et al, 1986). 
The oesophagus was inflamed, but there was no evidence of oesophageal candidiasis, despite oral 
candidiasis, and biopsy samples revealed Cryptosporidium infection of the oesophageal mucosa. 
2.1.20 The stomach was shown to be Infected In two patients with AIDS (Soulon et al, 1986; Garone 
et al, 1986). The first patient had weight loss, anorexia, malaise, and foul watery stools, and a marked 
thickening of the gastric antrum was demonstrated using computer tomography. Cryptosporidium was 
demonstrated In antral biopsy specimens obtained by endoscopy (Soulon et al, 1986). The second 
patient had Intractable diarrhoea and dehydration, with progressive nausea and vomiting, and burning 
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epigastric pain (Garone et al, 1986). Endoscopic examination of the stomach revealed an oedematous 
pylorus covered with a whitish exudate, and a narrowed pyloric channel. Biopsies of the pre-pyloric 
region, and the duodenum, revealed cryptosporidia on the gastric and duodenal epithelial cells. It was 
suggested that inflammation of the pyloric ring may cause the symptoms of nausea and vomiting 
associated with cryptosporidiosis. Barium studies showed narrowing and rigidity of the gastric antrum 
in 2/16 AIDS patients with cryptosporidiosis (Berk et al, 1984). 
2.1.21 The small intestine is the main site of infection In 'most patients with cryptosporidiosis 
(Crawford & Vermund, 1988). A radiographic study of 16 patients with AIDS and cryptosporidiosis (Berk 
et al, 1984), showed small Intestinal abnormalities In 13/16 patients, with slight to marked thickening of 
mucosal folds (13/16), and slight to marked fragmentation or flocculation (5/16). There was spasm and 
irritability (3/16), slight to marked dilation of the small Intestine In 5/16, and dilution of the barium in one 
of the patients who had no other abnormalities. The jejunum was predominantly affected In 9/16 and 
the entire small bowel was uniformly affected in 4/16. 
2.1.22 The Peyer's patches are areas of peripheral lymphoid tissue associated with the presentation 
of antigen to T and B cells (Alberts et al, 1983), and in calves cryptosporidia were found in the follicle- 
associated epithelium over the ileal Payer's patches, and in sub-epithelial tissue and macrophages, 
where the parasite seemed to be progressively degraded (Landsverk, 1987). 
2.1.23 The large Intestine is usually less heavily Infected than the small bowel, and the tissue 
architecture is not usually affected (Argenzio et at, 1990; Grigolato et at, 1989). In patients with AIDS, 
computer tomography showed thickening of the mucosal folds and bowel wall In the small and large 
intestines (Greyson-Fleg et al, 1986), but colonoscopy was not thought to be useful for Improving the 
diagnosis of cryptosporidiosis or other infectious conditions in AIDS patients with diarrhoea (Connolly 
et at, 1990). Chronic cryptosporidiosis of the colon was found in a patient with IgA deficiency (Jacyna 
et al, 1990), and toxic megacolon Is a rare presentation of cryptosporidiosis (Connolly & Gazzard, 1987). 
A single report demonstrated Cryptosporidium oocysts In the blood vessels of the colonic mucosa 
(Gentile et al, 1987). 
2.1.24 The rectum of patients with AIDS Is often infected, but the degree of infection Is usually low. 
It is likely that cryptosporidiosis In homosexual men may sometimes be sexually acquired, but there Is 
no evidence for ascending Infection resulting from anal Intercourse. 
2.1.25 The pancreatic duct was infected In a child who had died of severe combined Immune 
deficiency, and there was extensive squamous metaplasla (Kocoshis et al, 1984). Abdominal ultrasound 
was used to diagnose acute Cryptosporidium pancreatitis (Hawkins et al, 1987). In Arabian foals with 
severe combined Immunodeficiency which died of adenovirus Infection, Cryptosporidium was 
demonstrated in the pancreatic duct In 2/6, the gall bladder in 1/6, and the common bile duct In 2/6 
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(Snyder et al, 1978). 
2.1.26 The gall bladder and bile duct were infected with Cryptosporidium in a number of people, and 
animals. Guarda et al (1983) demonstrated Cryptosporidium in the biliary tract of a patient with AIDS, 
and Pitlik et al (1983; 1983) demonstrated cryptosporidial cholecystitis In two AIDS patients. Blumberg 
et al (1984) described a man with cryptosporidiosis, cytomegalovirus Infection and AIDS, who developed 
acute acalculous gangrenous cholecystitis, with Intranuclear cytomegalovirus, and cryptosporidium 
organisms attached to gall bladder gland epithelium. One AIDS patient had respiratory, biliary, pancreatic 
and Intestinal cryptosporidiosis, with cholangitis and presumed pancreatitis (Gross et al, 1986). Biliary 
tract involvement was seen in ten percent of AIDS patients with cryptosporidiosis, often In conjunction 
with cytomegalovirus, and these patients had nausea, vomiting and right upper quadrant pain (Soave, 
1988). Radiographic findings included a thickened gallbladder, dilated bile ducts, duct strictures and 
luminal irregularities suggestive of cholangitis. Cryptosporidla were found in bile and attached to the gall 
bladder epithelium, and it was suggested that this may contribute to the Inability to eradicate the 
organism. McCarty et al (1989) found 33% of AIDS patients with cryptosporidiosis had evidence of biliary 
tract disease. Of the five patients examined, all had dilation and Irregularity of the Intra- and extra-hepatic 
bile ducts, with focal strictures. Four had gall bladder wall thickening, two had bile duct thickening, two 
had pancreatic duct thickening, and two had increased reflectivity in the periductal regions of the liver. 
Oocysts were demonstrated In the bile in one patient. 
2.1.27 The conjunctiva. Conjunctival infections have been reported in a duck (Mason, 1986) and in 
pheasants (Randall, 1986), and have been experimentally induced in chicks by ocular inoculation 
(Lindsay et al, 1987), and in pigs (Heine et al, 1984). -There have not been any reports of human 
cryptosporidiosis of the conjunctiva. 
2.1.28 The lungs and bronchus have become Infected in a small percentage of AIDS patients with 
cryptosporidiosis (Soave, 1988). Dyspnoea and cough were seen in an AIDS patient with 
Cryptosporidium on the surface of bronchial mucosal cells (Forgacs et al, 1983). Radiographs showed 
a diffuse moderate increase In bronchial markings, and histological examination showed no inflammation, 
but some hyperpiasia. A second patient had cough, haemoptysis, and pulmonary consolidation with a 
vague infrahilar infiltrate on one side, and Cryptosporidium was detected in protected catheter brushings, 
and biopsy specimens (Goodstein et al, 1989). Cryptosporidial oocysts were demonstrated in a tracheal 
aspirate of an 8 month old boy with laryngotracheitis and watery diarrhoea (Hararl et al, 1986). 
Cryptosporidium oocysts were recovered from an endotracheal aspirate of a bone marrow transplant 
patient, but postmortem examination failed to demonstrate the organism In lung, bowel, stomach or 
airways (Kibbier et al, 1987). An infant with severe combined Immune deficiency and intestinal 
cryptosporidiosis was found to have Cryptosporidium on bronchiolar epithelium at post mortem 
(Kocoshis et al, 1984). Two of three AIDS patients with pneumonia had Cryptosporidium in touch 
preparations from open lung biopsies, and the third patient had oocysts in his sputum (Ma et al, 1984). 
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Cryptosporidium oocysts were demonstrated In lung biopsy, and a postmortem sample of alveolar 
exudate (Brady et al, 1984). Some of the oocysts seen In the biopsies were within macrophages, 
suggesting a possible haematogenous spread (Ma et al, 1984). Respiratory cryptosporidiosis was 
diagnosed by the demonstration of oocysts in an induced sputum sample of a patient with malignant 
lymphoma and profound Immunodeficiency (Travis et al, 1990), and autopsy confirmed the presence 
of cryptosporidia In the epithelial cells of the trachea, bronchi, bronchioles, and In the gall bladder and 
duodenum. Cryptosporidium oocysts were demonstrated In 6/43 bronchial lavage and brush biopsy 
samples from AIDS patients (Hojlyng & Jensen, 1988). All had respiratory symptoms (fever 69%, 
dyspnoea 70%, cough 81 %), but were clinically Indistinguishable from patients without cryptosporidiosis. 
Cryptosporidium was also demonstrated In a sputum sample from an AIDS patient who was being 
screened for mycobacteria (Miller et al, 1984), and In an AIDS patient with cryptosporidlosis of the gut, 
biliary system and pancreas (Gross et al, 1986). Respiratory cryptosporidlosis Is characterised by chronic 
tracheitis, bronchitis, and bronchiolitis (Travis et al. 1990), but not severe pulmonary disease (Hojlyng 
& Jensen, 1988). 
Respiratory cryptosporidiosis is common in birds (Current & Blagburn, 1990), and models of human 
respiratory cryptosporidlosis have been developed In pigs (Heine et al, 1984), and Immunosuppressed 
rats (Meulbroek et al, 1991). 
2.1.29 Combined Infections are commonly reported, particularly in developing countries (Chunge et 
al, 1989), In people who have travelled abroad (Taylor et at, 1985), and In immunodeficlent patients 
(Anthony et al, 1988), but In immunocompetent Individuals Cryptosporidium is usually detected without 
other pathogens (Casemore, 1990). Cryptosporidium has been associated with Glardia lamblia infections 
(Wolfson et al, 1985; Joklpll et at, 1985; Isaac-Renton, 1987), and Camo 1obacter spp. (Casemore et al, 
1986; Corbett-Feeney, 1987), and during a Shicella sonnel outbreak (Nichols, 1986). Dual Infection may 
represent similarities In epidemiology (Casemore, 1990). 
Several viruses appear to be associated with cryptosporidiosis, and some of these appear to cause a 
depression of the immune system. HIV is the most widely known, and the most Important In terms of 
morbidity and mortality, and C. garvum Is the commonest cause of diarrhoea In AIDS (Dryden et al, 
1988). In many AIDS patients, respiratory, Intestinal and biliary cytomegalovirus Infection Is present as 
well as Cryptosporldium. Cytomegalovirus and Cryptosporidium were shown in AIDS patients with 
cholecystitis (Hinnant et at, 1989; Yana et at, 1989). Infection with Cryptosporldium was found more 
commonly In children in Rwanda with measles, than In those without, suggesting that the virus may be 
suppressing the cellular immune system (DeMol et at, 1984). Cryptosporldiosis, and reovirus hepatitis 
were seen In 25 day old turkeys with Increased mortality, enteritis and stunting (Wages et at, 1989; 
Bermudez et at, 1988). In chickens experimentally infected with C. baile i and reovirus, there were no 
clinical signs, gross lesions, or Increased mortality, but there was a reduction In weight gain (Guy et at, 
1988), and respiratory cryptosporldiosis was found to be more severe in the presence of infectious 
bronchitis virus (IBV) (Blagburn et at, 1991). Enteritis was produced In Bobwhite quail Infected with 
Cryptosporidium and reovirus (Guy et ai, 1987). Viruses and bacteria often accompanied 
98 
Cryptosporidium In respiratory Infections In chickens (Goodwin et all, 1988). Co-Infection of chickens with 
baile i and Infectious bursal disease virus, caused more severe bursal disease than either Infection 
alone (Levy et al, 1988). Cryptosporidiosis has been demonstrated In chickens naturally Infected with 
Marek's disease virus (MDV) (Nacirl & Mazzella, 1988), which causes immunosuppression, and 
experimental infections In chickens inoculated with MDV and Cryptosporidlum, caused a high mortality 
(Naciri et al, 1989). 
C. parvum is often shed by calves along with rotavirus (Moon et at, 1978; Lopez et al, 1988). 
Cryptosporidiosis caused diarrhoea in rhesus monkeys Inoculated with SIV (Baskin et at, 1988). 
Cryptosporidium plus coronavirus was seen In three foals (Coleman et at, 1989; Mair et at, 1990). A cat 
with a one year history of Intermittent diarrhoea, was Infected with feline leukaemia virus (FeLV), and 
Cryptosporidium, and it was thought that the FeLV Induced an immunocompromised state which 
predisposed the cat to cryptosporidiosis (Monticello et al, 1987). 
2.1.30 The age and sex distribution of patients with cryptosporidiosis has been widely reported 
(Fayer & Ungar, 1986; Crawford & Vermund, 1988), and ranges from the newborn to the very elderly, 
with infection being common in early childhood, and rare in adults over 50. Males and females appear 
to be equally susceptible (Fayer & Ungar, 1986). 
99 
2.2 Proof of causation ....................................... , o, 
2.2.1 Koch's postulates .................................................... 101 
2.2.2 The disease ........................................................ 101 
2.2.3 Limitations of Koch's postulates .......................................... 102 
2.2.4 The difficult diagnosis paradox ........................................... 102 
2.2.5 Genetic predisposition ................................................. 102 
2.2.6 Multiple aetiology ..................................................... 102 
2.2.7 Geographical distribution and rarity ....................................... 
103 
2.2.8 New criteria ........................................................ 
103 
2.2.9 The Incidence ....................................................... 109 
2.2.10 Theoretical model of the disease ........................................ 109 
2.2.11 Causes of cryptosporidiosis ............................................ 109 
100 
2.2 Proof of causation is complex and does not necessarily require the isolation of a pathogen. In 
1855 John Snow removed the handle of the Broad Street pump in Soho, London, and was able to show 
that cholera was caused by drinking the contaminated water. It was not until 1883 that Robert Koch 
Isolated the causative organism (Vibrio cholerae) from patients during an epidemic in Egypt. Because 
the organism was isolated from Individuals without disease, as well as those with, proof of its causative 
role was not confirmed for a further ten years, when Pfeiffer demonstrated protective antibodies in 
guinea pigs. The toxin which causes the diarrhoea was not detected until 1959 (De, 1959). In recent 
years the number of agents implicated in gastrointestinal diseases has increased (Table 2.2.3), but the 
problems of demonstrating a causal association between an organism and a disease remain. 
Proof of the pathogenic role of Cryptosporidium is based on empirical evidence, even though Koch's 
postulates have not been met in the strict sense (Fayer & Ungar, 1986). 
2.2.1 Koch's postulates 
The postulates of Henle, which were formalised by Koch, and are known as Koch's postulates, have 
been widely used to determine the aetiological status of microorganisms, and are as follows: 
KPI. The microbe should be found In all cases of the disease, distributed in the body according to the 
lesions observed. 
KP2. The microbe should be grown artificially In pure culture for several subcultures. 
KP3. The pure culture should reproduce the disease in a susceptible animal. 
KP4. The microbe should be demonstrated In the animal and Isolated from the lesions. 
As the example of cholera has shown, it can be difficult to demonstrate all of Koch's postulates for every 
potential enteric pathogen. The postulates have been added to, and altered by, various people, for the 
purpose of covering the Infections which don't fit the postulates, and to extend their scope by including 
factors which were not known about at the time they were formulated. Stokes says that KP1 must be 
modified for the single case to read: 
MKPI. The microbe should be constantly found associated with the lesions during the course of the 
disease. 
In the case of cholera, the demonstration of specific protection against Infection, by Pfeiffer, was 
important in confirming Vibrio cholerae as the causative agent, and the demonstration of antibodies and 
specific allergic reactions are usually used, together with Koch's postulates, and a variety of other ad 
hoc devices, to decide which organisms are responsible for causing diseases. 
2.2.2 The disease of cryptosporidiosis covers a spectrum from transient asymptomatic colonisation 
of the small bowel, to chronic life threatening watery diarrhoea, and with respiratory, biliary, pancreatic, 
gastric and oesophageal involvement (Fayer & Ungar, 1986; Crawford & Vermund, 1988). The extent of 
infection is related to the age of the patient, the present state of the immune system, previous exposure 
to the organism, the patients nutrition, and the Infecting dose. 
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2.2.3 Limitations of Koch's postulates 
Many gastric and Intestinal diseases share many of the features of cryptosporidiosis, Including bacteria 
(Table 2.2.1), protozoa (Table 2.2.2), viruses (Table 2.2.3), and helminths (Table 2.2.4). and most of these 
cannot be diagnosed solely by the clinical history, symptoms and signs. While many of the Infectious 
diarrhoeal diseases have typical clinical presentations when large groups of patients are examined, it 
is usually difficult to diagnose an Individual patient as having a particular enteropathogen solely on his 
clinical presentation' If Intestinal biopsies are taken, or tests of gastric or intestinal function are 
performed, it may still be difficult to differentiate between different organisms using histopathology, 
biochemistry or physiology. 
2.2.4 The difficult diagnosis paradox is a problem associated with the interpretation of Koch's 
postulates in gastro-Intestinal Infections. If the diseases under investigation are discrete infections (eg 
infectious diarrhoea), where the one disease presentation is caused by one of a variety of pathogens, 
then there is an obvious difficulty in satisfying KP1, because It is not possible to consistently Isolate one 
single causative organism from all the cases unless there is an outbreak of infection. If on the other hand 
each organism Is thought to cause a separate disease, then it is difficult to diagnose the disease except 
by isolating, or identifying the organism, which makes KP1 difficult to test. This problem I have termed 
the Difficult Diagnosis (DD) Paradox. The common practice of Isolating a variety of enteropathogens 
from the faeces of patients with and without diarrhoea, and describing the symptoms of those carrying 
a particular organism, often in tables of percentages of patients with and without diarrhoea, can be 
useful, but does not address KP1 because of the DD paradox. It should also be remembered that the 
organisms present in the faeces may not represent the organisms present in the lesions of the disease. 
Cryptosporidium life cycle stages are commonly, although not always, demonstrated on the intestinal 
tissues of patients with cryptosporidiosis, although this is often not the method of diagnosis. 
2.2.5 Genetic predisposition to Infectious diseases Is difficult to determine, and is most commonly 
related to variations In the Immune system. Individuals within a population may vary in their susceptibility 
to a disease, although such differences may be difficult to prove, and the differences are due to the 
heterogeneity of the population (Miles & Dick, 1990). If there Is a genetic component In the susceptibility 
to the disease; for example If an organism was found in a percentage of all Individuals in a population, 
but only caused disease In a small percentage of them due to a genetic predisposition, then unless there 
was a biochemical, immunological or genetic marker of that predisposition, It would not be possible to 
satisfy KP1. I have called this problem the Genetic Predisposition (GP) problem. With cryptosporidiosis 
there does not seem to be a genetic predisposition to infection, but it Is still not clear whether AIDS 
patients, and patients with genetic defects in Immunity, are more susceptible to C. parvum, or just that 
they get a more severe disease when infected. 
2.2.6 Multiple aetiology is common in diarrhoeal disease, particularly in AIDS patients (Anthony et 
all, 1988; Connolly et al, 1990), and as the number of patients with known microbial causes of diarrhoea 
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Increases, so does the number of patients shown to be Infected with two or more agents. It Is possible 
to Identify known pathogens in up to half of all cases of Infective diarrhoea, but few, if any, laboratories 
look for all these, and although it is unclear whether unknown organisms are present In the rest of the 
patients, it is reasonable to assume that some of them are, and if this is the case then a percentage of 
patients with known pathogens will also have unknown pathogens. The presence of mixed infections 
where one of the pathogens is not demonstrated means that if KP1 appears to be fulfilled, the effect may 
be illusory because the pathology may be due to the unknown organism. I have called this problem the 
Unknown Pathogen (UP) problem. It is possible that some of the evidence, used to indicate KP1 was 
fulfilled for some of the organisms we now recognise as pathogens, may require re-evaluation due to 
the UP problem. In particular much of the work on enteropathogenic E. coli was done before the advent 
of tests for enteric viruses, which represent a majority of the cases of Infant diarrhoea. In 
cryptosporidiosis mixed Infections have been reported, but monoinfection Is more commonly 
encountered (Casemore, 1990). 
2.2.7 Geographical distribution and rarity. Many organisms causing gastrointestinal diseases show 
wide geographical differences in distribution. Balantidium, Sarcocystis, Dientamoeba and Chilomastix 
are examples of organisms which are uncommon in developed countries, and with infections happening 
only very occasionally it can be difficult to assess the causative role if the symptoms of infection are 
similar to those of other Infections. Some alimentary diseases (eg. Crohns, ulcerative colitis, 
diverticulosis, colonic carcinoma) are more common in developed countries, and It Is likely that diet 
plays an Important part, although this does not exclude a microbial association. Whipple's disease is a 
sporadic and rare disease caused by a noncultivable bacillus (Whipple's bacillus). Because this organism 
has not been cultured it is not possible to know whether It is common, and only rarely causes disease, 
or Is rare and usually causes disease. In areas with poor sanitation, overcrowding and exposure to 
human and animal faeces there can be high levels of carriage of many intestinal parasites in apparently 
healthy individuals (Cancrini et al, 1988). 
2.2.8 New criteria for deciding if a microorganism Is causally associated with a disease should Include 
more tha Koch's postulates. It is suggested that for an intestinal organism to be considered as an 
enteric pathogen, or Implicated In disease, it should be tested to see if it fulfils a number of criteria 
(Table 2.2.5), though not necessarily all of these, and Its significance should be determined by review 
through a committee of experts, with a published report. 
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Table 2.2.1 Bacteria associated with or implicated in gastric or Intestinal diseases 
Actinomyces spp 
Aeromonas hydrophila 
Aeromonas sobria 
Anaerobiospirilium 
succinogenes 
Arizona hinshawi 
Brachyspira aalborgii 
Bacillus anthracis 
Bacillus cereus 
Bacillus licheniformis 
Campylobacter coil 
Campylobacter 
hyointestinalis 
Campylobacter jejuni 
Campylobacter lari 
Chlamydia trachomatis 
Clostridium botulinum 
Clostridium perfringens 
Clostridium perfringens 
Clostridium septicum 
Clostridium difficile 
Clostridium spp (Bile 
deconjugating) 
Escherichia coil EPEC 
Escherichla cola EAEC 
Infectious Toxic food Chronic 
diarrhoea poisoning granulomato 
us disease 
+ + 
(+) 
Immune Diseases In which organism deficient Is implicated 
Escherichla coil EIEC 
Escherichia coil ETEC 
Escherichia coil VTEC 
Eubacterium contortum 
Helicobacter pylori 
bebsieila spp. 
Mycobacterium 
avium/intracellulare 
Mycobacterium bovis 
Mycobacterium 
paratuberculosis 
Mycobacterium 
tuberculosis 
Neisseria gonorrhoea 
Plesiomonas 
shigelloides 
Proteus spp. 
Salmonella enteritidis 
Salmonella paratyphi 
Salmonella typhi 
Shigella boydil 
Shigella dysenterlae 
Shigella flexnerl 
Shigella sonnet 
Staphylococcus aureus 
Ureaplasm ureolyticum 
Vibrio cholerae 
Vibrio parahaemolyticus 
Whipple's bacillus 
Yersinia enteritidis 
Yersinia fredericksenil 
Yersinia intermedia 
Yersinia kristensenii 
Yersinia 
pseudotuberculosis 
Intestinal actinomycosis 
Diarrhoea 
Diarrhoea 
Diarrhoea 
Diarrhoea 
- - - + Proctitis 
- Intestinal anthrax 
+ Rice food poisoning 
+ Food poisoning 
+ Diarrhoea 
+ Diarrhoea 
+ Diarrhoea 
+ Diarrhoea 
Neonatal Infection 
+ Rare cot death, botulism 
+ Food poisoning 
Enteritis necroticans (Pig bel) 
Neutropenic enterocolitis 
Pseudomembranous colitis 
Co-carcinogen production 
+ Infant diarrhoea 
+ Infant diarrhoea, ? Ulcerative 
colitis 
+ Dysentery 
+ Travellers diarrhoea 
+ Haemolytic uraemic 
syndrome 
(t) Crohn's disease 
Gastritis 
+ Sprue/ankylosing spondylitis 
+ Granulomatous disease In AIDS 
+ Intestinal tuberculosis 
(+) Crohn's disease 
+ Intestinal tuberculosis 
+ Proctitis 
(+) Diarrhoea 
+ Scombrotoxin poisoning 
+ Diarrhoea 
+ Enteric fever 
+ Enteric fever 
+ Dysentery 
+ Dysentery 
+ Dysentery 
+ Dysentery 
+ Food poisoning 
+ Proctitis 
+ Cholera 
+ Diarrhoea 
Whipple's disease 
+ Diarrhoea 
+ Diarrhoea 
+ Diarrhoea 
+ Diarrhoea 
Mesenteric lymphadenitis 
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Table 2.2.2 Protozoa found in the alimentary tract of man 
Balantidium coil 
Blastocystis hominis 
Chilomastix mesnili 
Cryptosporidium parvum 
Dientamoeba fragilis 
Endolimax nana 
Entamoeba coil 
Entamoeba hartmani 
Entamoeba histolytica 
Entamoeba polecki 
Enterocytozoon bieneusi 
Giardia lamblia 
lodamoeba butschlii 
Isospora bella ' 
Isospora hominis 
Microsporidium 
Sarcocystis spp 
Trichomonas hominis 
* an unnamed microsporidian 
which differs from E. bleneusl 
Present In the faeces Implicated äa cause 
of patients with diarrhoea of diarrhoea 
R+ 
C+ 
R- 
C+ 
R? 
C- 
C? 
C- 
C+ 
R? 
C+ 
C+ 
C- 
R+ 
R+ 
R? 
R+ 
R- 
R= rare 
C= common 
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Table 2.2.3 Viruses infecting the intestinal tract of man 
Name Serot Size Vomiting Diarrhoea Other features 
ypes (nm) 
Cultivable 
viruses: 
Coxsackie A 23 25 -+ 
Coxsackie B 6 25 -- 
Poliovirus 3 25 -- 
Echovirus 32 25 -+ 
Enterovirus 68-71 25 -? 
Adenovirus 38 75 ++ 
Reovirus 3 72 
Measles 1 90 
Cytomegalovirus 1 100 
Non cultivable 
viruses: 
Rotavirus 4 78 
Astrovirus 3 28 
Calicivirus 3 35 
Hepatitis A 1 28 
Small round 3 28 
viruses 
+ 
Meningitis, enchephalitis, herpangina, skin rash 
Meningitis, epidemic myaigia, myopericarditis, 
rashes, juvenile diabetes mellitus 
Poliomyelitis 
Meningitis, rash, non-specific fever 
Conjunctivitis, CNS infection, pneumonia 
Respiratory and intestinal infections, conjunctivitis, 
diarrhoea 
None 
Tropical paediatric enteritis, measles 
Generalised Infection in AIDS 
++ Infant diarrhoea & vomiting 
++ Sporadic diarrhoea & vomiting 
++ Long standing diarrhoea 
-- Infectious hepatitis 
++ Winter vomiting disease, shellfish food poisoning 
+ 
Coronavirus 2 100 ?+ Watery diarrhoea, Infection In AIDS 
Torovirus 1 90-120 ?+ Diarrhoea In children 
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Table 2.2.4 Helminths whose ova are found In the alimentary tract of man 
Ancylostoma duodenale 
Ascaris lumbricoldes 
Capillaria philippinensis 
Capillaria hepatica 
Clonorchis sinensis 
Dicrocoelium dendriticum 
Dipilidium caninum 
Echinochasmus perfoliatus 
Enterobius vermicularis 
Fasciola gigantica 
Fasciola hepatica 
Gastrodiscoides hominis 
Heterophyes heterophyes 
Hymenolepis diminuta 
Hymenolepis nana 
Macracanthorhynchus hirudinaceus 
Metagonimus yokogawal 
Necator americanus 
Opisthorchis felineus 
Paragonimus westermani 
Paragonimus kellotti 
Rabditis hominis 
Schistisoma japonicum 
Schistosoma mecongensis 
Schistosoma mansoni 
Strongyloides stercoralis 
Taenia solium 
Taenia saginata 
Trichostrongylus orientalis 
Trichuris trichiura 
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Table 2.2.5 Evidence that C. parvum causes gastrointestinal disease 
Cryptosporidium 
parvum 
Disease has characteristic features + 
Disease has characteristic pathology + 
The organism has been demonstrated in lesions + 
The organism has been Isolated in pure culture + 
The organism can be maintained indefinitely in vitro - 
The organism has been cloned from a single cell - 
The organism causes disease when Inoculated into experimental + 
animals 
The organism Is present In the lesions of experimentally infected animals + 
The organism can be isolated in pure culture from experimentally + 
infected animals 
Infection produces a rising antibody titre in patients + 
Infection produces a rising antibody titre in experimental animals + 
Antibody protects against experimental infection i 
There Is a lower Incidence of the organism In controls than In patients + 
with disease 
Community disease responds to preventive control measures + 
Human disease responds to antimicrobial chemotherapy - 
Human disease Is prevented or reduced following immunisation NK 
Human disease affects particular age groups + 
Disease Is seasonal + 
There Is a consistent association between the organism and disease -+ 
Virulence factors have been demonstrated 
There Is a good animal model of the human disease -+ 
There Is a good theoretical understanding of how the disease works - 
There Is evidence of cell mediated Immunity + 
The organism Is Intracellular + 
The organism Invades tissues - 
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2.2.9 The Incidence of cryptosporidiosis varies in different populations (Fayer & Ungar, 1986; 
Crawford & Vermund, 1988), and is dependant on the age of the people examined, the social conditions 
and degree of development of the community, the number of AIDS patients In the community, and the 
amount of contact with agricultural animals. In industrialised countries an overall prevalence of 2.1 % of 
patients with diarrhoea had cryptosporidiosis (Crawford & Vermund, 1988), ranging from 0.4% in 
Portland, Oregon (Skeels et at, 1986), to 4.4% in Galway Ireland (Corbett Feeney, 1987), and 5% in 
Lismore, Australia (Parker et at, 1985). In developing countries there was an overall rate of 8.5%, ranging 
from 2.6% in Manilla, Phillipines (Cross et al, 1985), to 16.7% in Haiti (Pape et at, 1987). In most 
developed countries the Incidence was higher in children under 10 years old (3%), than in adults (0.8%) 
(Crawford & Vermund, 1988), and in Ireland 41.5% of the cases were in children under one year old 
(Corbett Feeney, 1987). In developing countries young children were most commonly infected (Crawford 
& Vermund, 1988), and was highest in the ages of 6-24 months. Cryptosporidium Is a significant cause 
of death In AIDS (Sun & Teichberg, 1988), and In Africa AIDS is called slim disease, because of the 
wasting caused by infection (Marquart et at, 1985). It was found in 30% of AIDS patients with persistent 
diarrhoea in Zaire (Coleblunders et at, 1987), 41 % of patients in Haiti (Malebranch et al, 1983), 47.8% 
in Uganda (Sewankambo et al, 1987), 24-28% in Paris, France (Girard et a1,1987; Rene et al, 1989)), and 
4.6% In Germany (Just et al, 1987). Cryptosporidiosis or Microsoporldlosis were detected by Jejunal 
biopsy of 43 patients In New York (Kotler et al, 1990), although using stool examination 51.7% of AIDS 
patients with diarrhoea were positive (Tsaihong et at, 1990). 
2.2.10 Theoretical model of the disease. Cryptosporidiosis is still poorly described despite 
considerable experimental investigations in animals. In particular the reasons for malabsorption, the 
causes of villus stunting, and the voluminous diarrhoea in AIDS patients, do not have good, convincing, 
and detailed explanations. 
2.2.11 Causes of crvptosporidiosis. The diarrhoea is clearly associated with infection of the small 
bowel with large numbers of parasites, and the routes of infection are becoming well defined (Casemore, 
1990), and despite the non fulfilment of Koch's postulates (Fayer & Ungar, 1986), the organism is 
convincingly associated with disease in both man and animals (Current & Blagburn, 1990). The 
worldwide distribution of the organism, and its common occurrence in both man and animals, indicates 
it is a normal feature of ecosystems, and is an important problem in situations of crowding and 
undernourishment, or immunodeficiency, where there can be significant mortality. 
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2.3 Disease mechanisms. The major symptoms associated with human cryptosporldlosis are 
diarrhoea, nausea, vomiting and abdominal cramps (Fayer & Ungar, 1986). Discussion of the disease 
mechanisms has concentrated on the diarrhoea,, which can be severe and life threatening in 
immunodeficient animals and man, and In malnourished animals (Anderson, 1988). It is suggested that 
cryptosporidiosis Involves three main pathophysiological features. These are nutrient depletion of 
intestinal cells by the parasite, malabsorption due to a reduced surface area and decreased levels of 
membrane bound enzymes, and a secretory diarrhoea caused by an enterotoxin (Crawford & Vermund, 
1988). In birds, C. bailevi Infection produces respiratory symptoms (Blagburn, 1988; Goodwin, 1989), and 
in reptiles gastritis is the main presentation (Upton et all, 1989). 
2.3.1 Malabsorption and impaired digestion in the small bowel together with malabsorption In the 
large bowel were regarded as being responsible for the diarrhoea In germ free calves Infected with 
C. parvum (Tziporl, 1985). Raised End Breath H2, and Total Breath H2 concentrations, were found In milk 
fed calves three days after the onset of diarrhoea resulting from experimentally induced cryptosporidiosis 
(Holland et al, 1989). Previous experiments using the non-absorbable carbohydrate lactulose, showed 
raised H2 levels 120 minutes after administration, and together with radiographic tests, indicated that 
colonic bacterial fermentation of nonabsorbable nutrients was responsible. Mammalian metabolism does 
not produce H2 (Levitt, 1969; Newcomer, 1983), but is Influenced by the amount of fermentable 
carbohydrate, and the number and types of bacteria present (Ostrander et al, 1983; Perlman et al, 1981). 
It Is suggested that malabsorption, rather than secretion, is important as a cause of diarrhoea at the 
height of Infection (Argenzio et al, 1990). 
2.3.2 Small Intestinal enzymes detected using Immunocytochemistry, were shown to be reduced In 
Guinea pigs with cryptosporidiosis (Jervis et al, 1966). The mucosal enterocyte enzymes acid 
phosphatase, alkaline phosphatase, glucose-6-phosphatase, succinicdehydrogenase, diphosphopyridine 
nucleotide diaphorase, tryphosphopyridine nucleotide diaphorase, and monamine oxidase were all 
reduced. The acid phosphatase activity of macrophages In the lamina propria was also reduced. It was 
postulated that the reduction in these enzymes was related to the toxic action of parasite metabolites 
passing directly Into the parasitised epithelial cells through the attachment organelle. Reduced lactase 
activity at five sites between the pylorus and the terminal ileum was found in gnotobiotic pigs infected 
with Cryptosporidium from calf faeces (Tzipori et al, 1982). Enzyme activity was lowest In the youngest 
infected animals (3 day old), but was still reduced in older animals (7 & 15 day old). Reduced lactase 
activity was also demonstrated In the small intestine of calves (Tzipori, 1983). In gnotobiotic lambs 
infection with Cryptosporldium, Cryptosporidium and rotavirus, or Cryptosporidium and enterotoxigenic 
E. coli (ETEC), resulted in lower lactase activity in the small bowel than was found In infections with 
combinations of ETEC and Rotavirus, and uninfected controls (Tzipori et al, 1981). In SPF lambs with 
experimentally Induced cryptosporidiosis both lactase and sucrase activities were reduced compared 
to a control animal (Tziporl et al, 1981). 
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2.3.3 Large bowel effects. The large bowel is not fully functional In the first few weeks of life, and is 
thought that it does not to play a significant role in cryptosporidiosis of the newborn, although the 
effectiveness of the large bowel at absorbing water could be one of the reasons why older animals do 
not experience severe symptoms (Tzipori, 1985). Mucosal changes in the large bowel In 
cryptosporldiosis are minimal. 
2.3.4 Anorexia - reduced food intake, and reduction In body weight are common signs during 
coccidial infections (Fernando, 1982), and are seen In human and animal cryptosporidiosis. There was 
reduced milk intake In lambs Infected with Cryptosporidium, Cryptosporidium and Rotavirus, and 
Cryptosporidium and ETEC, compared with combinations of ETEC and Rotavirus, and uninfected 
controls (rziporl et al, 1983). There is significant weight loss In human patients with cryptosporidiosis, 
in both Immunodeficient and immunocompetent groups (Soave, 1988). Guinea pigs had reduced 
infection when animals were starved for four days prior to challenge with oocysts, and Infection 
increased following the resumption of feeding (Jervis et al, 1966). It was suggested that cryptosporidia 
derive their nutrients, at least in part, from the gut lumen. 
2.3.5 Loss of villus tone. Villus atrophy, fusion, loss of tone, crypt hyperplasia, and the replacement 
of mature coating epithelial cells with immature cells, have been demonstrated In calves (Heine et at, 
1984), lambs (Tzipori et al, 1981; Snodgrass et at, 1984), guinea pigs (Angus et al, 1985; Gibson et all, 
1986; Chrisp et at, 1990), pigs (Tzipori et al, 1982; Argenzio et al, 1990), turkeys (Goodwin et all, 1988; 
Wages & Ficken, 1989), quail (Hoerr et al, 1986; Ritter et al, 1986), and humans (Kapembwa et al, 1990). 
Villus/crypt ratios were shown to be reduced In gnotobiotic calves (Heine et at, 1984), Indicating that 
there Is an Increase In the secretory area as well as a decrease in the adsorptive area. There Is also 
hyperplasia of the crypt epithelium (Argenzio et all, 1990). These features of Intestinal cryptosporidiosis 
are similar to the crypt hyperplasia and villus blunting seen In other coccidial Infections (Ruff & Allen, 
1990). 
2.3.6 Reduced adsorptive surface area can result from the extensive colonisation of the sides and 
tips of villi (Lefkowich et al, 1984), and the reduction In the villus/crypt ratio (Argenzio et al, 1990; Chrisp 
et al, 1990). 
2.3.7 Changes In intestinal biochemistry are thought to be largely due to the reduced Intestinal 
absorption, resulting In passage of nutrients Into the colon where they are fermented by the faecal flora 
(Berne & Levy, 1988). These nutrients can Include carbohydrates and fat, together with protein lost 
through the intestinal wall (Kokoshis et al, 1984). Chemicals released from the parasite may also affect 
the luminal flora and biochemistry. In other coccidial Infections a lowering of faecal pH follows Infection. 
2.3.8 Toxins. Secretory diarrhoea associated with Immune deficiency suggests a toxin-mediated 
hypersecretion Into the gut (Berkowitz, 1985; Current, 1988). Clinical Improvement In an infant with SCID 
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was associated with chlorpromazine treatment, and it was suggested that a cyclic AMP or GMP 
mediated toxin may be involved (Kocoshis et al, 1984). A cell-free filtrate from C. parvum, cultivated In 
intestinal cell monolayers, stimulated chloride secretion in the ileal mucosa of rabbits (Garza et at, 1986) 
only when added to the serosal surface. Toxins have been demonstrated in other coccidia (Ruff & Allen, 
1990), but these have not been well characterised, and the thromboplastin-like activity may result from 
host factors. It Is hypothesised in this thesis, that mannitol Is an osmotic toxin, synthesised within the 
parasites from sugars present In the intestinal lumen. The only evidence for this hypothesis Is the 
demonstration of two mannitol cycle enzymes in C. parvum. - 
2.3.9 Osmotic effects, resulting from the production of low molecular weight molecules by bacterial 
fermentation of nonabsorbed sugars, are thought to cause an osmotic diarrhoea (Jones et al, 1985; 
Casemore, 1988). Mannitol synthesised by Cryptosporidium developmental stages, and present In the 
parasitophorus vacuole, may increase the local osmotic pressure when released Into the intestinal lumen. 
A raised luminal osmotic pressure causes net movement of water into the lumen, and Na` Ions move 
with the water. 
2.3.10 The bowel flora may be Increased In the ileum due to the malabsorption of sugars and fat, 
although there Is no published evidence of this. It is possible that the presence of a high microbial count 
In the small bowel In many animals, may protect against Infection with C. aarvum. 
2.3.11 Gut permeability was examined In Eimeria Infected chickens using Pontamine sky blue, and 
the penetration of sporozoites and merozoites Into cells was associated with an increased gut 
permeability (Rose & Long, 1969). It was suggested that this Increased permeability may allow antibodies 
and other factors from the blood to gain better access to the parasites. Cryptosporidium infections are 
more superficial than those of Eimeria spp., In that zoites do not penetrate into the host cell cytoplasm. 
Intestinal permeability was examined using the uptake of the non absorbable marker polyethylene glycol 
(PEG) In pigs. Three days after Infection with Cryptosporidium, there was an Increased uptake, but this 
was not seen at six or nine days after infection, Indicating abnormal permeability only at the height of 
infection (Argenzio et al, 1990). 
2.3.12 Hypothermia has been reported as one of the stress factors associated with death due to 
coccidiosis (Ruff & Allen, 1990), but it is unclear whether this is important in cryptosporidiosis. 
2.3.13 Carbohydrate depletion follows Infection with coccidia (Ruff & Allen, 1990), with a reduction 
In liver glycogen stores. This probably results from the malabsorption of dietary sugars, and may be 
Important In the weight loss associated with cryptosporidiosis. 
2.3.14 The attachment organelle is widely regarded as a site of nutrient transport from the host cell 
to the parasite, and it has been suggested that this may result in the depletion of host cell nutrients 
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(Current & Reese, 1986; Ma, 1987). Rupture of the schizonts, to release meronts, leaves the attachment 
organelle, and consequently an altered cell surface. It is unclear whether this has a significant effect on 
the host cell, although the underlying cytoplasm appears normal (Casemore, 1988). 
2.3.15 Intestinal hormones have been thought to play a role In the diarrhoea associated with 
cryptosporidiosis (Casemore, 1988), but there is no experimental evidence. 
2.3.16 Cytokines play a role in the pathophysiology of coccidial infections, and the physiological 
changes associated with such infections in chicks are thought to be due In part to IL-1 production (Ruff 
& Allen, 1990). 
2.3.17 Bile duct infection was seen In about 10% of AIDS patients, with nausea, vomiting and right 
upper quadrant pain, and these symptoms may result from constrictions of the common bile duct. These 
patients had raised alkaline phosphatase and gamma glutamyl transpeptidase, but normal transaminase 
and bilirubin levels (Soave, 1988). Restriction of bile flow may play a part In causing the malabsorption 
of lipids. 
2.3.18 Pyloric valve colonisation appears to be rare In patients dying of intestinal cryptosporidiosis 
(Garone, et at, 1986). In a study of sixteen patients with AIDS and cryptosporidiosis, two patients had 
radiographic evidence of rigidity and lack of distensibility of the gastric antrum (Berk, et at, 1984). 
Nonspecific gastritis was demonstrated In another patient (Pitlik, et at, 1983), and a further patient was 
shown to have Cryptosporidium trophozoites on the pylorus, In addition to gall bladder infection 
(Guarda, et al, 1983; Pitlik, et at, 1983). In a further patient with AIDS and cryptosporidiosis, endoscopy 
revealed an Inflamed pyloric ring, and biopsy showed the presence of cryptosporidia on the pylorus. 
These findings suggest that partial gastric outlet obstruction may be an alternative causative factor In 
patients with nausea and vomiting (Garone, et at, 1986). 
2.3.19 Solute uptake was studied In neonatal pigs using jejunal and Heal perfusion with Ringer's 
solution (Argenzio et al, 1990). In the jejunum of normal controls there was a net absorption of Na' and 
Cl' Ions, but no net movement of K+ and HCO; Ions. These net ion movements were not significantly 
altered by Infection. The addition of mannitol caused a net secretion of Nat and Cl' Ions In both control 
and Infected jejunum, but control and Infected ileum showed little difference from samples without 
mannitol. The addition of glucose to the Ringer's Induced a net absorption of solute and water, and Na` 
Ion absorption was four times greater in control than in infected samples. In Heal samples there was a 
net secretion of HC03 ions, and this was not affected by mannitol or glucose. Ion movements were 
reduced in Infected samples. A slow marker intestinal perfusion technique used on one patient with AIDS 
and cryptosporidiosis, showed fluid and electrolyte secretion into the jejunum, with reabsorption in the 
ileum and colon (Modigliani et al, 1985). 
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2.3.20 Death is a common outcome of cryptosporidiosis in quails (Ritter et al, 1986), and Guinea pigs 
(Gibson & Wagner, 1986), and Cryptosporidium also contributes to mortality in calves (Tziporl, 1985), 
and lambs (Ahoural et al, 1985). C. parvum probably contributes to the 12,600 deaths each day, of 
children with diarrhoea In Africa, Asia and Latin-America (Guerrant et al, 1990). Dehydration is the most 
common cause of death in these patients, but malnutrition, and hypothermia may be important in 
animals. Malnutrition can result from prolonged Infection in immunodeficient animals (Current & 
Blagburn, 1990), and in patients with AIDS (Garcia & Current, 1989). Respiratory cryptosporidiosis 
caused death In intratracheally Inoculated chickens, but not those Inoculated orally (Blagburn et al, 
1987), and this probably resulted from decreased p02 (Blagburn et at, 1991). 
2.3.21 Overview of the pathogenic mechanisms. 
Infection begins with the Ingestion of oocysts, their excystation In the jejunum, and penetration of the 
sporozoites through the outer membrane of the enterocytes. No adverse effects are likely to arise from 
these processes, although there may be some cell leakage associated with cell penetration, and the 
release of the contents of sporozoite rhoptries may have as yet undetected effects on cell function. The 
main effects of the parasite on enterocytes are a reduction In the absorptive surface area. There Is a 
reduction In a variety of brush border enzymes, which may be due to reduced cell energy, parasite 
metabolites, or through parasites upsetting the enterocyte ion gradients. The release of mature 
merozoites from schizonts may damage cells by exposing the parasite attachment organelle to the 
lumen contents, and may also release biologically active parasite metabolites Into the gut lumen. The 
presence of damaged enterocytes on the villus results in an increase in enterocyte turnover, a reduction 
In the number of enterocytes per villus, and stunting of the villi, causing a further reduction In absorptive 
area. The crypts deepen to Increase the production of enterocytes, and this Increases crypt secretion. 
At the height of Infection, so 'many cells are infected, or have been Infected that the permeability of the 
gut wall to macromolecules Is Increased, causing loss of serum albumin. There Is a reduced glucose 
stimulated absorption of Na' and Cl* Ions, and water. Intestinal peptides and local substances may be 
Important, but little is known about these In cryptosporidiosis. The malabsorption due to the reduced 
absorptive area, results In nutrients passing Into the colon, where they are fermented by the Intestinal 
flora. This releases a lot of low molecular weight osmotically active products, which Induce an osmotic 
diarrhoea. The Incomplete development of the colon in neonatal animals may result In Incomplete 
absorption of water, although this does not explain the resistance of older animals to Infection. Mannitol 
synthesised within the parasitophorous vacuole, and released Into the Intestinal lumen may contribute 
to fluid loss, due to its polar nature (it will not cross biological membranes), and the lack of specific 
transport mechanisms. Colonisation of the bile duct with partial obstruction may result In the symptoms 
of nausea and vomiting often associated with Infection, and colonisation of the pyloric valve may also 
contribute to these symptoms. 
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2.4 Defence mechanisms are important in determining whether an animal, a population, or a species 
Is susceptible to Infection with Cryptosporidium, and whether that infection will cause any symptoms. 
They are also Important in determining why older animals are more resistant to Infection and disease, 
and why the infection is more prolonged and severe In various states of Immune deficiency. It is 
important to know the mechanisms Involved in the normal immune response, so that strategies for 
treatment and prevention can be considered. Many of the factors are non-specific physiological 
parameters, but specific Immune defences are also vital. Defence mechanisms against cryptosporidiosis 
involve antibodies, cytokines, hormones, local substances, cellular responses, the chemical and physical 
environment, homeostatic compensation for the effects of infection, and behavioral traits. 
2.4.1 The Immune response in animals with cryptosporidiosis has two important functions, firstly to 
clear the parasite from the body, and secondly to prevent reinfection. While these two functions are 
related, they do not work with the same efficiency. Resistance to infection with oocysts can occur in the 
absence of a specific cellular or antibody mediated response, and infection may persist in sites like the 
bile duct (Soave, 1988) where the immune response is not as effective in eliminating parasites. In 
immunocompetent people and animals, infection usually resolves within two to four weeks (Hart et al, 
1984; Baxby et al, 1985; Jokipii & Jokipil, 1986), although low level parasite Infection may continue for 
months (Jokipii & Jokipil, 1986), and absence of oocysts cannot be assumed to Indicate a complete 
absence of infection. The finding of latent infection in rats which were infected while temporarily 
Immunosuppressed, but which still relapsed with cryptosporidiosis when Immunosuppressed again 10 
weeks later (Rehg et al, 1988), indicates the parasites were not completely eliminated. 
2.4.2 Assessing immunity can be done in a number of ways. In laboratory animals the effect of a 
factor on the severity of infection can be determined, as can their resistance to Infection. It is Important 
to remember that these criteria are different, and are not necessarily directly related. Testing the severity 
of Infection Is Important In determining anticryptosporidial drug activity, whereas resistance to infection 
is Important In vaccine development, but both are Important In determining the physical, chemical, and 
antibody and cell mediated reactions that occur under natural conditions. 
2.4.3 Non-specific factors include the size and physiology of the host, and the physical, chemical and 
biological processes happening at the site of infection, and to the rest of the body. The wide host range 
of C. parvum suggests that the chemotactic molecules, and cell receptors guiding sporozoites and 
merozoites to the brush border of cells, are not host specific. 
2.4.4 Species differ In their susceptibility to Infection with a single oocyst preparation (Current et at, 
1986; Current & Blagburn, 1990), but differences amongst Cryptosporidium Isolates mean generalisations 
have to be made with caution. 
2.4.5 The age at which animals become infected Is important in determining whether there is infection 
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and disease, and this resistance to Infection resembles a developmental switch, which In mice allows 
animals which have already been Infected at 4 days of age, to stay Infected up to 25 days of age, 
whereas mice Inoculated at 15 days of age are completely resistant to Infection (Novak & Stirling, 1991). 
This implies that there Is a barrier to Infection which develops at some time between 10 and 15 days of 
age. Calves were found to be susceptible to infection with C. narvum for up to three months If kept in 
Isolation from infection, and early Infection may Inhibit the ability to develop a serum antibody response 
to infection (Harp et al, 1990). In human infections there Is a lower incidence of cryptosporidiosis In the 
first six months of life, although it Is unclear whether this Is due to lower exposure to oocysts, or to the 
effects of lacteal immunity. 
2.4.6 The physiology of the gastrointestinal tract of mammals varies from species to species (Latham, 
1979), and the capacity of each compartment differs considerably (Table 2.4.1). 
Table 2.4.1 Capacity of the organs of the alimentary tract of different animals (From Portsmouth, 
1977) 
% of total volume 
Pig Cow Horse Rabbit 
Stomach 29 71 9 34 
Small Intestine 33 19 30 11 
Caecum 6 3 16 49 
Colon 32 8 45 6 
Because of this, each species will have differences in absorptive capacity to deal with excess fluid 
produced during diarrhoeal disease. Ruminants have part of the oesophagus modified into the rumen 
which contains an oesophageal groove. This passes to the omasum, and then the abomasum, which 
is the equivalent of the human stomach. In young milk fed ruminants, the rumen Is not fully developed, 
and there Is a reflex closure of the oesophageal groove in response to liquid feeding, allowing milk to 
pass directly into the abomasum. When solid food Is consumed the groove opens, allowing food Into 
the rumen for digestion. These physiological differences may contribute to the age dependent resistance 
of calves and lamb, and the differences in susceptibility of species, to cryptosporidiosis. 
2.4.7 Nutrition. The major products of the microbial fermentation of vegetation In ruminants are volatile 
fatty acids, which form the main carbon source for the host (Latham, 1979). In the preruminant period 
lactose from the milk represents an important carbohydrate carbon source. These two types of nutrition 
may be responsible for age related differences in susceptibility to cryptosporidiosis for a number of 
reasons. If C. parvum is sensitive to the presence of volatile fatty acids, or other products of fermentation, 
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or to the anaerobic environment of the rumen, then it is understandable that cryptosporidiosis in mature 
ruminants will be less common than in newborn animals. Similarly, if the lactose present in the 
duodenum is important for the growth of C. parvum, then its absence following conversion to solid food 
would limit parasite growth. In humans of northern European extraction lactase production in the small 
bowel continues through to adulthood, whereas in most animals, and in non-Caucasians, lactase 
production is limited to childhood. If lactase is important in cryptosporidiosis, there should be less 
symptomatic cryptosporidiosis in adult non-Caucasians. 
2.4.8 The microbial flora of the intestine varies considerably between species, and between alimentary 
sites (Latham, 1979). Humans usually have low, numbers of organisms in the stomach and small 
intestine, and high numbers in the large bowel. Rats have a much higher count throughout the stomach 
and intestines. In horses the fermentation of vegetation, which takes place in the rumen in cattle and 
sheep, occurs in the caecum and colon. The effects of the microbial flora on the growth of C. arvum 
are not known, but may represent one of the factors affecting host resistance to infection. 
2.4.9 Viral infection can be associated with cryptosporidiosis, and may cause a temporary 
suppression of the immune system (DeMol et al, 1984); but virus particles have been seen In a 
degenerating schizont, indicating that the parasites may also be affected by either human, or 
Cryptosporidium specific viruses (Bird, 1981). 
2.4.10 pH was found to be Important for the in vitro survival of 12arvum sporozoites, with anything 
below pH 6.2 causing sporozoite lysis. The slightly alkaline environment In the small bowel resulting from 
pancreatic HCO3 secretion (Berne & Levy, 1988), provides conditions in which sporozoites and 
merozoites can survive, and the acidic nature of the stomach, probably explains why gastric 
cryptosporidiosis in humans Is rare, although C. muri from cattle, and most snake Isolates are 
associated with stomach infection. 
2.4.11 Complement is important in the immune response against some protozoa (Roitt et al, 1985), 
but probably does not play a significant role in cryptosporidiosis, although little is known about its role. 
2.4.12 Iron is a growth limiting requirement for microorganisms (Roitt et al, 1985), and iron chelating 
agents like lactoferrin and transferrin are Important Immune defence mechanisms, and probably play a 
role in cryptosporidiosis, but there is no evidence of this to date. 
2.4.13 Specific factors. Bovine transfer factor Is a dialysable extract of immune lymphocytes, and was 
examined as a possible factor In stimulating Immunity. It has been used to treat cryptosporidiosis In 
AIDS (Louie et al, 1986; 1987), but was unable to eradicate infection In a patient with congenital 
dysgammaglobulinaemia (Chng et al, 1989), or experimentally infected calves (Fayer et al, 1987). 
Interleukin-2 was used to treat two AIDS patients (Kern et al, 1985), The cytokines interferon gamma 
119 
(IFN-y), lymphotoxin (tumor necrosis factor ß), tumor necrosis factor (fNF-a), interleukin-1 (IL-1), and 
granulocyte macrophage colony stimulating factor (GM-CSF), are liberated from lymphocytes or 
macrophage activated T-cells, and are thought to play a role In the cell mediated response to coccidial 
Infections (Wakelin & Rose, 1990), but there Is no direct evidence for their effect In cryptosporldlosis. 
2.4.14 The antibody response to coccidial infection is significant, but plays only a limited part in the 
acquisition of immunity (Long & Rose, 1972; Wakelin & Rose, 1990). Using B-cell depleted BALB/c mice 
there was no difference in the course of infection in B-cell deficient and normal mice (Taghi-Kilani et al, 
1990). In human cryptosporidiosis, an immunofluorescent test using sections of infected mouse ileum 
showed serum antibody titres of up to 1: 2560 (Campbell & Current, 1983), and IgM, IgG, IgA, and IgE 
responses were demonstrated using immunofluorescence of oocyst antibodies, with titres of up to 1: 160 
for IgA, IgM, and IgE, and titres of up to 1: 80 for IgG (Casemore, 1987). In Infected calves, serum and 
faecal antibodies were detected using an ELISA assay (Williams & Burden, 1987). IgG was detectable 
six days after infection, and remained raised throughout infection, but IgA and IgM showed little change. 
Faecal IgG, IgM and IgA titres all rose five or six days after infection, with a peak at one to two weeks 
after Infection. In another experiment in calves, a rise in serum antibody titre was demonstrated at seven 
days following inoculation of oocysts, and reached a peak after nine days, and there was a specific 
strong reactivity to a 11,000 kDa antigen (Whitmire & Harp, 1991). In lambs serum IgM and IgG were 
detected seven days after infection, and IgA was detected In faeces after 10 days, and continued to rise 
in association with declining oocyst output (Hill et al, 1989). The role of antibody in Infection has been 
examined using neonatal mice and anti-sporozoite monoclonal antibodies (Arrowood et al, 1989; Tilley 
et al, 1991; Riggs et al, 1989; Bjorneby et al, 1990; Bjorneby et al, 1991). Preincubation of sporozoites 
or merozoites with monoclonal antibody caused a significant reduction in the numbers of mice Infected, 
and the mean Infection scores were reduced (Riggs et al, 1989; Bjorneby et al, 1990). Administration of 
monoclonal antibodies to infected mice did not reduce susceptibility to Infection with C. parvum but did 
reduce parasite loads (Arrowood et al, 1989; Tilley et al, 1991). In athymic nude mice infected with 
arvum there was a significant reduction in intestinal Infection scores, but biliary and pancreatic 
cryptosporidial-infection scores were the same as controls (Bjorneby et al, 1991). 
2.4.15 B-cells synthesize antibodies, and B-cell deficient (anti-µ-monoclonal antibody treated) neonatal 
and adult BALB/c mice showed no difference In response to challenge with C. parvum oocysts than 
control mice (Taghi-Kilani et al, 1990). 
2.4.16 Cell mediated immunity is more Important than humoral Immunity in coccidial infections 
(Wakelin & Rose, 1990), with many different cell types involved. 
2.4.17 T-cells play a more Important role than B-cells in the normal immune response to parasite 
Infection, and although they are important as helper cells for antigen presentation to B cells, their major 
effects are through other mechanisms (Rose & Hesketh, 1979). The four main types of T-cell are the T. 
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helper (4), T-suppressor (T8), T-hypersensitivity, and T-natural killer (TNK) cells. T-helper cells are involved 
in the presentation of antigens to B-cells, and are required for the development of antibodies. T4 cells 
are reduced In AIDS, and the ratio of T4 to T. cells can be used as an Indicator of the state of Immunity 
(Farthing et al, 1986). The symptomatic condition of AIDS patients with cryptosporidiosis appears to be 
linked to this T4: T8 ratio, with symptomatic and parasitological Improvement following AZT treatment, and 
severe diarrhoea with low ratios. In nude mice (thymus deficient), there are no T cells, and adult mice 
develop a progressive disease which is usually fatal within four months (Ungar et al, 1990). Chronic 
infections have also been induced in T-cell subset depleted neonatal BALB/c mice, using anti-T4 and 
anti-T8 monoclonal antibodies (Ungar et at, 1990). Adult NK-cell deficient mice were the only one of 19 
strains of Inbred adult mice that could be Infected with C. parvum (Enriquez et at, 1991). These 
experiments Indicate that T. and TNK cells are Important In the Immune response against C. parvum, and 
that T. cells do not appear to be Important. Spleen and mesenteric lymph node cells were unable to 
prevent cryptosporidiosis when transferred Into neonatal mice (Harp & Whitmire, 1991). 
2.4.18 Peripheral blood lymphocytes from infected calves showed specific blastogenic responses 
two days after inoculation with C. arvum oocysts, and the blastogenic stimulation index increased with 
time (Whitmire & Harp, 1991). 
2.4.19 Neutrophils and mononuclear cells were seen to engulf oocysts In foetal lamb ileal loops from 
day one of Infection, and the numbers of these cells remained high up till day 13 (Kim et al, 1988). 
2.4.20 Macrophages are involved In the phagocytosis of coccidia, and this Is enhanced by the 
cytophilic and opsonic activity of Immune serum (Rose, 1974). Phagocytosed cryptosporidia and 
Cryptosporidium antigen have been demonstrated in macrophages in the Peyer's patch of a calf 
(Landsverk, 1987). 
2.4.21 Mast cells act by degranulating at the site of Infection In response to T-cell or IgE activation, 
releasing histamine, heparin, enzymes and chemotactic and activating factors (Roitt et al, 1985). Using 
infant mast cell deficient W/W", and normal mice, no difference could be found in susceptibility to, and 
recovery from, infection with C. parvum (Harp & Moon, 1991), but W/W" adult mice were significantly 
more susceptible to Infection than normal adult mice. 
2.4.22 Colostrum can provide maternal antibodies which protect against infection, and this is thought 
to provide good protection in piglets (Tzipori et al, 1985), through low level Cryptosporidium Infection 
of adult animals (Angus, 1988). A protective effect of colostrum from Immune dams was not detected 
in mice (Arrowood et all, 1989), but hyperimmune bovine colostrum did offer protection against infection 
in mice (Fayer et al, 1989; Perryman et al, 1990). The use of bovine colostrum in cryptosporidiosis in 
AIDS patients has had mixed results (Saxon & Weinstein, 1987; Tziporl et al, 1986; 1987; Ungar et all, 
1990; Nord et all, 1990). Hyperimmune bovine colostrum did not prevent infection with C. parvum in 
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calves (Harp et al, 1989). 
2.4.23 The host specificity of coccidia is thought to be closely linked to the immune defence 
mechanisms (Kogut, 1990), with one Eimeriasp. causing infection in one host, but not able to infect a 
closely related host, and another Eimeria sp. Infecting the second host but not the first. The lack of host 
specificity of Eimeria son. grown In tissue culture suggests that host specificity Is due to host specific 
defence mechanisms. The broad host range of C. parvum may be the result of the comparatively non- 
Invasive nature of cryptosporidiosis, with the immune response acting predominantly in the lumen of the 
small bowel, where it Is probably fairly similar In any mammalian host. Crvptosporidium spp found In 
birds will not normally Infect mammals, and C. barvum from mammals will not normally infect birds 
(Current & Blagburn, 1990). An Isolate of am from calves and humans has been grown In the 
chorloallantoic membranes of chick embryos (Current & Long, 1983), and In primary chicken kidney cells 
(Current & Haynes, 1984). 
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2.5 Treatment of cryptosporidiosis in man and animals has proved remarkably unsuccessful (Armstrong 
et al, 1985; Fayer & Ungar, 1986). In Immunocompetent patients the course of infection is self limiting 
(Crawford & Vermund, 1988), and clinical recovery usual occurs within 20 days (Fayer & Ungar, 1986), 
although it may occasionally be fatal in infants (Wittenberg & Miller, 1989). In immunodeficient patients 
the disease is protracted and life threatening (Fayer & Ungar, 1986), and effective treatment is needed. 
It has therefore been disappointing that an effective anti-cryptosporidial treatment which will eliminate 
the organism, and moderate or eliminate the symptoms, has not been found. In animal husbandry, the 
rationale for treatment is usually based on economic loss related to animal death, or poor weight gain. 
2.5.1 Antibiotics and chemothera eeutics Including antibacterial, anticoccidial and antifungal agents 
have been tested for activity against Cryptosporidium using animal experiments, animal field trials, AIDS 
patients, infected children, and tissue culture. It Is suggested that the response of different animal 
species to treatment can be expected (Angus et al., 1984). 
2.5.2 Drugs tested in man are shown in Table 2.5.1. The persistence of Cryptosporidium in AIDS 
patients, and the severe watery diarrhoea associated with infection, mean that a variety of drugs have 
often been tested on a single patient (Soave et at, 1984; Veldhuyzen van Zanten et al, 1984). In 
determining the effectiveness of treatment in these patients it must be remembered that they often have 
multiple Infections (Veldhuyzen van Zanten et at, 1984), and also tumours (Wittner et all, 1984), some of 
which may not be easily detectable. Drugs may act on the symptoms, giving clinical improvement, 
without effecting a parasitological cure. Difficulties In assessing the effectiveness of treatments in man 
have been noted because spontaneous remission can occur (Armstrong et at, 1985). Treatment of 
cryptosporidiosis In Immunodeficlent patients, other than those with AIDS, may differ from that In AIDS, 
and treatment of the immunodeficiency, or immunosuppression, can cause the Cryptosporidiosis to 
resolve (Fayer & Ungar, 1986). 
2.5.3 Drugs tested in animals are shown in Table 2.5.1. Most of the experiments have used newborn 
animals, often gnotoblotic. Blagburn et al (1989) compared experimental systems for testing 
anticryptosporidial compounds. They found the suckling mouse assay using C. annum better than the 
tissue culture assay with C. parvum, or the chick embryo CAM assay using C. baileyl. 
2.5.4 Drugs tested in tissue culture are shown in Table 2.5.2. The tissue culture technique is a simple 
and rapid technique (McDonald et al, 1990), but requires a reliable source of viable oocysts (McDonald, 
personal communication). 
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Table 2.5.1 Drugs used for the treatment of Cryptosporidlosis in man and animals 
Drugs tested in immune deficient patients 
Amikacin 
Amphotericin B 
Ampicillin 
Amprolium 
Azithromycin 
Bismuth salicylate 
Bovine Transfer Factor 
Bovine Hyperimmune Colostrum 
Carbenicillin 
Cefamandole 
Chlonidine 
Chloroquine 
Cholestyramine 
Cimetidine 
Clindamycin 
Cloxacillin 
Colistin 
Diclazuril 
Difluromethyl-ornithine 
DI-lodohydroxy-equinoline 
Diloxanide furoate 
Diphenoxylate HCI 
Doxycycline 
Erythromycin 
Fluconazole 
Framycetin 
Furazolidone 
Gamma Globulin 
Gentamicin 
Gluten free diet 
Indomethacin 
Interleukin-2 
lodoquinol 
Ketoconazole 
Levamisol 
Lincomycin 
Loperamide 
Mepacrine 
Metronidazole 
Morphine 
Naproxin 
Nitrofurantoin 
Nystatin 
Octreotide 
Paromomycin 
Penicillin 
Pentamidine 
Piperazine 
Primaquine 
Pyrimethamine/S ul pha methoxazol e 
Quinacrine 
Quinine 
Quinine/clindamycin 
Salinomycin 
Somatostatin or analogues 
Spiramycin 
Sulphonamides 
Tetracyclines 
Thiabendazole 
Tincture of opium 
Trimethoprim 
Trlmethoprim/Sul phamethoxazole 
Vancomycin 
Zidovudine 
Zidovudine/acyclovir 
Drugs tested in animals 
Alborixin 
Amphotericin B 
Ampiciliin 
Amprolium 
Arprinocid 
Azithromycin 
Bleomycin 
Bovine colostrum 
Bovine transfer factor 
Chloramphenicol 
Chloroquine 
Clindamycin 
Clopidol + Methylbenzoquate 
Clopidol 
Colistin 
Cyclosporin A 
Decoquinate 
Difluoromethyl-ornithine 
Di-lodohyd roxy-equinoline 
Diloxanide furoate 
Dimetridazole / 
Dinitolmide /(. 
Emtryl 
Enterolyte-N 
Ethopabate 
Furaltadone 
Furazolidone 
Gamma Globulin 
Gentamicin 
Halofunginone 
lodoquinol 
Ipronidazole 
Ivermectin 
Kaolin/pectin 
Ketoconazole 
Lasalocid 
Lincomycin 
Methylbenzoquate 
Metronidazole 
Monensin 
Paromomycin 
Pentamidine 
Phenamidine 
Polymixin/furazolidone 
Primaquine 
Pyrimethamine/Sulphamethoxazole 
Quinacrine 
Robenidine HCL 
Salinomycin 
Sarcosin 
Spectinomycin 
Spiramycin 
Sulphamethazine 
Sulphaquinoxalin 
Streptomycin 
Tetracycline 
Trimethoprim 
Trimethoprim/Sulphamethoxazole 
Trinamide 
Zoaquine 
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Table 2.5.2 Drugs tested for anticryptosporidial activity In tissue culture 
Amphotericin 
Amprolium 
Arprinocid 
Bovine maxillary mucin 
Bovine hyperimmune colostrum 
Chloroquine 
Cycloguanyl 
Glycarbylamide 
Halofantrine 
Halofunginone 
Methyl benzoquate 
Monensin 
MSI 30 
MSI 93 
MSI 94 
Nigericin 
Oxytetracycline 
Robenidine 
Proguanyl 
Pyrimethamine 
Spiramycin 
Sulphaquinoxaline 
Venturicidin 
Zidovudine 
+= >90% reduction in parasite count 
w= >50% reduction in parasite count 
-= No reduction in parasite count 
Results from: McDonald et al, 1990; Flanigan et al, 1991 
W 
W 
+ 
+ 
W 
W 
W 
W 
W 
W/- 
.ý 
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2.5.5 Amprolium is a quaternary organic base which is used as a coccidiostatic agent in poultry, 
calves, and lambs with Eimeria (Veldhuyzen van Zanten et at. 1984). One day old SPF mice were tested 
four days after inoculation with Cryptosporidium oocysts, but amprolium was found to be too toxic 
(Tzipori et at, 1982). It was suggested as a possible treatment for human cryptosporidiosis In an 
anonymous article (BMJ, 1980), and was used to treat a patient with isosporiasis, and another with 
cryptosporidiosis (Veldhuyzen van Zanten et at, 1984). In the second patient, amprolium was shown to 
eliminate the diarrhoea, and paralytic ileus, within 4 weeks. There was a reduction of infection, but 
Cryptosporidium was not eradicated. Both patients developed severe side effects including 
polyneuropathy, cardiomyopathy and reversible neurological symptoms, which may have been due to 
the use of too high a dose. It Is not clear from this report whether the co-trimoxazole, amphotericin B, 
or 5-flucytosine played any part in the reduction of infection and faecal output. Amprolium had little effect 
on C. g_arvum grown In tissue culture (McDonald et at, 1990). 
2.5.6 Arprinocid (6-amino-9-(2-chloro-6-flurobenzyl)purine) is an anticoccidial drug acting by blocking 
hypoxanthine-guanine salvage, and Inhibiting dihydrofolate reductase and glucose-6-phosphate 
dehydrogenase (Kim, 1987). It had no effect when used to treat mice Infected with Cryptosporidium 
at one day old and treated from day five (Tziporl, Campbell, & Angus, 1982). There was reduced 
Cryptosporidium Infection, and oocyst excretion, In 1-3 day old white mice, but It gave disappointing 
results when tested In gnotobiotic lambs (Angus et al., 1984). It had no effect on arvm grown In 
tissue culture (McDonald et at, 1990). A parasitostatic effect on Cryptosporidium was seen In five day 
old hamsters, with lower oocyst counts, and lower counts of organisms In the Ileum (Kim, 1987). 
Arprinocid reduced the severity of C. parvum In immunosuppressed rats, with lower numbers of 
cryptosporidia per villus than controls (Rehg et at, 1990). 1 
2.5.7 Azithromycin had anti-cryptosporidial activity in Immunosupressed mice (Kimata & Iseki, 1991), 
and it was the only one of four macrolides to prevent ileal infection when administered orally (Rehg, 
1991). 
2.5.8 Chlorpromazine treatment produced a positive clinical improvement in a six month old infant 
with severe combined Immunodeficiency syndrome (SLID), and the authors suggested this implies the 
presence of a cyclic AMP or GMP toxin (Kocoshis et al, 1984). 
2.5.9 Decoguinate was suggested as a possible therapeutic agent in calf cryptosporidiosis (Sanford 
& Josephson, 1982), but was found ineffective in treating infected three day old mice (Angus et al., 
1984). 
2.5.10 Defuroxamine (DFOM) was proposed as a possible treatment (Hudson, 1989), but It is not clear 
on what grounds. 
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2.5.11 DL-a-difluromethylornithine (Eflournithine) acts specifically and irreversibly on ornithine 
decarboxylase (raelman et al., 1989), and has been used to treat a variety of protozoan and fungal 
Infections (McCann, et al., 1981; Taelman, et al., 1988; Sahia & Berry, 1989). DL-a- 
difluromethylornithine (drug RMI 71782) was used to treat experimentally infected pigs, which were 
hysterectomy derived and colostrum deprived, and found no clinical, histological or parasitic 
improvement (Moon et al, 1982). In an uncontrolled study of 22 patients with AIDS, five had complete 
resolution of diarrhoea and oocyst excretion, and a further 5 had symptomatic improvement without 
cessation of oocyst excretion (Rolston et al, 1989). 
2.5.12 Diclazuril was shown to have no anticryptosporidial activity in tissue culture (McDonald et al., 
1990), and was shown to have no obvious effect In nine AIDS patients with cryptosporidiosis (Connolly 
et al, 1990). 
2.5.13 Dinitolamide was tested In three day old mice and showed reduced oocyst shedding, but did 
not eliminate infection (Angus, Hutchinson, et al., 1984). 
2.5.14 Diloxamide furoate, In conjunction with the discontinuation of prednisolone, was reported to 
have been successful in treating one AIDS patient with cryptosporidiosis (CDC, 1982), but has not been 
effective in other patients. 
2.5.15 Erythromycin was used (Goodstein et al., 1989) to successfully treat one patient with AIDS and 
respiratory and bronchial cryptosporidiosis. This single report was unjustifiably criticised by Hudson 
(1989), and Sellick (1989), and defended by Goodstein (1989) with reasoned argument. Connolly et al. 
(1988) treated 10 AIDS patients, who had cryptosporidiosis, with erythromycin and found a significant 
reduction In diarrhoea In six patients, but side effects (nausea, vomiting and abdominal pain) limited 
patient tolerance, and Cryptosporidium oocysts were still detected In the faeces after treatment. 
2.5.16 Fluconazole has been used In four AIDS patients with cryptosporidiosis, and there was a 
clinical improvement, and a reduction In oocyst counts, in all cases (Leoncini et aI, 1991). 
2.5.17 Furazolidone was used for two months In one patient and there was a definite clinical 
improvement, with possible parasitological improvement (CDC, 1982). 
2.5.18 Halofunginone lactate has been tested on artificially fed lambs (Nacirl & Yvore, 1988; Yvore 
& Naciri, 1989), naturally Infected calves (Yvore & Naciri, 1989), experimentally infected 3 day old kids 
(Polack, Blonz & Naciri, 1989), chickens (Lindsay et al, 1987), and mouse fibroblast tissue culture 
(McDonald et al, 1990). In the lamb experiment 20 animals were used in two experiments. All 4 control 
lambs excreted oocysts and there was no excretion of oocysts in 3 lambs treated with halofunginone 
lactate for 5 consecutive days (Yvore & Nacirl, 1989). 'A single treatment at the onset of symptoms 
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eliminated the diarrhoea and oocyst excretion, although it restarted after several days. Despite the small 
number of animals In this study, these experiments show that halofunginone lactate may be an effective 
treatment for neonatal ovine cryptosporidiosis, although more studies are needed. 
The study of treatment in naturally infected calves with neonatal diarrhoea caused by Cryptosporidium 
showed 97% of animals no longer excreted oocysts after 3 days treatment with aqueous halofunginone 
lactate (Yvore & Nacirl, 1989). There was no reported control group In this study, and greater than 20% 
mortality In spite of treatment. These factors cast doubt on the scientific value of this study. 
In a controlled study of three day old kids, 60 animals were treated with halofunginone lactate, and there 
were 60 control kids (Polack et al, 1989). Mortality was high (> 15%) in control animals, and In some of 
the treated groups, although this was not clear on the poster abstract. The apparent lack of any 
statistical analysis of the data from this experiment means the Interpretation given is of no value. 
Chicks Inoculated with C. baile and given prophylactic halofunginone showed a delay in the 
development of Infection in the bursa of Fabricius, compared to control birds (Lindsay et al, 1987). They 
suggested this may be due to the Inhibition of early asexual stages In the life cycle. 
When tested In tissue culture halofunginone showed anticryptosporidial activity above 0.16 mg/litre, with 
90% reduction in parasite counts at 4mg/litre (McDonald et al, 1990). 
2.5.19 Lasalocid Is an lonophorous polyether which was shown to have anticryptosporidial activity in 
calves, but at the dose which Inhibited cryptosporidia It proved toxic, causing pulmonary, mediastinal, 
mesenteric and subcutaneous oedema (Moon et al, 1982). It was used orally to treat calves with 
cryptosporidiosis aged 2 days to three months (Gobel, 1987). Cryptosporldia were reduced or totally 
destroyed, and all parasite developmental stages showed defects in cell organelles. The dose used did 
not cause any toxic side effects. Lasalocid was shown to have anti-cryptosporidial activity in 
immunosupressed rats (Brasseur et al, 1991). 
2.5.20 Mepacrine had a mild anti-cryptosporidial activity In Immunosuppressed rats (Brasseur et al, 
1991). 
2.5.21 Monensin Is an anticoccidial lonophore acting on sporozoite and merozoite membranes, and 
has been widely used for the control of Intestinal coccidiosis In birds and mammals (McDougald, 1990). 
Infection Is reduced or prevented by the intraluminal activity of the drug, and successful treatment would 
depend on the constant presence of the drug In the gut lumen throughout the treatment period. There 
was no In vivo activity found when monensin was tested In mice (Tziporl et al., 1982), but McDonald et 
al. (1990) found anticryptosporidial activity In tissue culture, although at greater than 0.8 mg/litre the 
drug proved toxic to the cell monolayers. 
2.5.22 Paromomycin was used to treat 22 AIDS patients with cryptosporidiosis, and 30 of 31 episodes 
improved following treatment, with weight gains in 23 of 30 episodes. There were decreased counts of 
Cryptosporidium oocysts In 13/15 patients, and eradication In 7. The treatment was well tolerated, and 
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appears to be superior to other agents tested to date (Gathe et al, 1991). An adherent human Intestinal 
epithelial cell line (HT29) was used to test the Inhibitory effects of paromomycin for C. parvum. There was 
62% Inhibition at 0.1 mg/ml, and 95% Inhibition at 1.0 mg/ml (Flanigan et al, 1991). 
2.5.23 Salinomycin was tested In three day old mice and showed reduced oocyst shedding, but did 
not eliminate infection (Angus, Hutchinson, et al., 1984). Similar results were found by Tziporl, Campbell, 
& Angus, (1982). 
2.5.24 Spiramycin, a macrolide, was used to treat 14 patients with cryptosporidiosis, and 3 patients 
were apparently cured after 3-4 weeks treatment (Whiteside, et al. 1984). Nine AIDS patients and one 
woman recovering from a bone marrow transplant were treated with the same regime (Portnoy et al., 
1984), and some of the patients were in both studies (Fayer & Ungar, 1986). After treatment for one 
week, five patients had complete resolution of the diarrhoea, and four had symptomatic Improvement. 
Connolly et al. (1988) treated five patients who had AIDS and cryptosporidiosis with spiramycin and 
found a significant reduction In stool volume In all of them, but side effects limited patient tolerance. 
Moskovitz, et al. (1988), treated 37 immunocompromised patients (mostly AIDS) suffering from chronic 
diarrhoea due to Cryptosporidium, with spiramycin. In 28 of the patients there was a reduction of bowel 
movements to less than 50% of pre treatment levels and fewer than 5 per day. Spiramycin was well 
tolerated, and 12 Individuals had Cryptosporidium oocysts eradicated from their stools. Two patients 
developed abdominal pain, tenderness and multifocal apoptosis and degenerative epithelial changes, 
and It Is suggested that spiramycin In high doses may be directly toxic to the Intestinal epithelium 
(Weikel et al, 1991). 
In a double blind trial in Costa Rica (Saez-Uorens et al., 1989) 21 of 44 immunocompetent infants with 
acute diarrhoea caused by Cryptosporidium were treated with spiramycin, and the remainder with a 
placebo. Treated Infants had a slightly shorter duration of diarrhoea (mean 5.2 vs. 7.3 days), and shorter 
period of excretion (mean 7.1 vs. 8.5 days), compared to the placebo group. Side effects of treatment 
occurred in two patients, one with frequent vomiting after drug ingestion and one with a macular rash 
which resolved spontaneously without stopping treatment. A similar double blind trial done on Infants 
in the same age group (1-11 months) In South Africa (Wittenberg et al, 1989) reported using spiramycin 
at 3/4 the dose, but found no difference between spiramycin treated and control groups. There is a 
significant difference between the two double blind trials in methodology and outcome (Saez-Uorens 
1989). Saez-Uorens et al. (1989) use the duration of Cryptosporidium oocyst excretion, and duration of 
diarrhoea as indicators of outcome, whereas Wittenberg et al. (1989) use duration of hospital stay, the 
percentage of patients with negative stools before discharge, and the case fatality rate. The high case 
fatality rate (3: 39) In the South African study was not considered to be statistically significant, but was 
much higher than the Costa Rican study. 
There was no Inhibition of C. parvum grown In tissue culture (McDonald et al, 1990). 
2.5.25 Sulphonamides have been tested by a number of workers with varying degrees of success. 
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Sulphaquinoxaline gave reduced oocyst excretion, but did not eliminate infection in three day old mice 
(Angus et at, 1984), and was ineffective against experimental cryptosporidiosis in calves (Moon et at, 
1982). In tissue culture an 80% reduction In parasite counts was seen at 0.8 mg/litre (McDonald et at, 
1990). 
Sulphadimidine therapy and prophylaxis of cryptosporidiosis in calves was unsuccessful (Fisher, 1983). 
Sulphadimethoxine was highly effective in reducing the severity of cryptosporidiosis in 
immunosuppressed rats (Rehg et at, 1989; Brasseur et at, 1991), although it did not eradicate the 
Infection. The use of suiphadimethoxine In humans may be limited by the adverse side effects of 
erythema muitiforme and toxic epidermal necrosis. 
2.5.26 Synthetic Iytic peptides Hectate-1 and Shiva-10, were found to inhibit sporozolte viability, as 
determined by staining with the vital dyes fluorescein diacetate and propidium iodide (Arrowood et al, 
1991). 
2.5.27 Antibody administration Is a potential form of treatment, as infection in immunocompetent 
individuals resolves within a couple of weeks, with a good antibody response involving IgG, IgA, 1gM, 
and IgE (Casemore, 1987), although the Importance of antibodies In recovery from cryptosporidiosis has 
not been well established. 
2.5.28 Colostrum has been examined as a treatment following evidence that breast-fed infants in 
Costa Rica had a lower prevalence of cryptosporidiosis than those fed artificial diets (Mata, et al., 1984). 
Bovine colostrum from Infected or Immunised cows contains IgG which fulfils the same role as IgA In 
monogastric species (Tzipori, et al, 1986). Colostrum from cows immunised Intramuscularly with 2 ml 
volumes of 105 oocysts, or 4X 105 sporozoites, mixed with Freund's complete adjuvant, followed two 
weeks later by Intramammary infusion with the same antigen in Freund's incomplete adjuvant. The cows 
were milked immediately after parturition, and the colostrum was stored at -20°C. Challenge of specific 
pathogen free mice with a mixture of excysted oocysts and a 1: 10 dilution of heat inactivated (56°C for 
30 minutes) colostrum gave complete protection (Tziporl, et al. 1986). The hyperimmune bovine 
colostrum (HBC) was used to treat an immunodeficient child with hypogammaglobulinaemia, and severe 
vomiting and diarrhoea caused by cryptosporidiosis. It was administered for 12 days at 200 ml per day, 
mixed with 800 ml Digestalac, and delivered by nasogastric tube at 45 ml W. The treatment began three 
weeks after the onset of diarrhoea, and vomiting stopped three days after the start of treatment, watery 
diarrhoea stopped after 5 days, and oocyst excretion stopped after eight days. There was no further 
diarrhoea during the next four months, but a dilated common bile duct was found to contain oocysts. 
Tziporl, et al (1987) reported a further two patients successfully treated with HBC. A 40 year old man 
with AIDS and a 12 month history of diarrhoea and weight loss due to Cryptosporidium infection, which 
had not responded to prolonged spiramycin treatment. He was treated with HBC (500 ml daily for 21 
days by nasogastric tube, and diarrhoea stopped within 5 days. He continued to shed low numbers of 
oocysts, and died of other complications 31/2 months later. The third patient was a4 year old girl on 
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immunosuppressive therapy for lymphobiastic leukaemia, with a six week history of watery diarrhoea and 
profound weight loss attributed to cryptosporidiosis. She received HBC (500 ml per day for 10 days by 
nasogastric tube, her diarrhoea resolved within 5 days, and was subsequently free of Infection. Saxon 
& Weinstein (1987), used bovine colostrum (1-5 litres orally per day for 5-7 days, together with 300 mg 
of Cimetidine three times daily, and two hours before the colostrum) containing Cryptosporidium 
antibodies to treat 3 immunodeficient patients, and found no improvement. This could be due to the 
colostrum not being from recently immunised animals, to oral rather than nasogastric administration, and 
to the short duration of treatment. Comparison of AIDS patients with cryptosporidiosis treated with 
hyperimmune bovine colostrum and control colostrum, showed decreases in the volume of diarrhoea 
in some patients in both groups, and some reduction in oocyst excretion in the HBC treated group 
(Nord et al, 1990). 
2.5.29 Monoclonal antibodies have been shown to reduce C. parvum parasite loads in small 
laboratory animals (Arrowood et al, 1989; Tilley et al, 1991), and the activity is thought to be due to 
reduced viability of sporozoites and merozoites (Riggs et at, 1989; Bjorneby et at, 1990), and does not 
reduce the biliary and pancreatic Infections associated with infections In immunosuppressed animals 
(Bjorneby et al, 1991). 
2.5.30 Oral bovine transfer factor, prepared from calves which were Immune to cryptosporidium, was 
used to treat 8 AIDS patients suffering from Cryptosporidium associated diarrhoea (Louie, et al., 1986). 
Three of the patients had prior unsuccessful treatment with spiramycin, one with a-difluromethylornithine, 
and one with furazolidone. Following the administration of transfer factor, five of the eight patients had 
a smaller number of bowel movements per day, and developed formed stools. Cryptosporidium oocysts 
were eradicated from the stools of four patients, but two of these relapsed, and one patient continued 
to have diarrhoea despite the absence of Cryptosporidium oocysts In his stools. Fayer, et al. (1987) used 
24 calves in eight groups of 3 animals to examine the use of bovine transfer factor In treating 
cryptosporidiosis, and found It to be unprotective. 
2.5.31 Interleukin-2 was used in two AIDS patients with cryptosporidiosis and resulted In a remission 
of diarrhoea (Kern et al., 1985). 
2.5.32 Zidovudine treatment for three months In three AIDS patients with cryptosporidiosis, caused 
resolution of diarrhoea, with no oocysts detected in multiple stool samples (Connolly, et al.; 1988). 
Chandrasekar (1987) reported a cure of cryptosporidiosis in an AIDS patient who failed to respond to 
spiramycin. reported clinical, microbiological and histological resolution of cryptosporidiosis after 
treatment with zidovudine and acyclovir (for perianal herpes). This followed unsuccessful treatment with 
spiramycin, HLA matched sibling lymphocyte Infusion, oral bovine transfer factor, paromomycin, 
indomethacin, chlorpromazine, and verapamil, none of which had any effect on stool volume. The 
combination of zidovudine and acyclovir has been suggested for AIDS and ARC treatment (Surbone et 
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al., 1988). A greater than 50% reduction in parasite count In tissue culture was seen with 20mg/litre of 
zidovudine, although at higher concentrations the cell monolayers were disrupted (McDonald et al., 
1990). 
2.5.33 Somatostatin and synthetic analogues have been used to reduce the voluminous watery 
diarrhoea associated with cryptosporidiosis in AIDS patients. Somatostatin has a wide range of 
biochemical effects, inhibiting the secretion of growth hormone, insulin, glucagon, vasoactive intestinal 
polypeptide, pancreatic polypeptide, gastrin, and acetyl choline, and resulting in a reduction in gastric 
acid secretion by a direct effect on parietal cells, and an inhibition of gastrointestinal mucosal blood flow 
(Katz et al, 1988). 
There are reports of ten patients with AIDS and cryptosporidiosis who have been treated with native 
cyclic somatostatin (SANOFI, CMI, Montpellier, France), or its synthetic analogue Octreotide 
(Sandostatin, SMS 201-995). Rene et al (1986) treated two patients with native cyclic somatostatin over 
three days, and found a significant reduction in faecal losses during the infusion period, and a 'rebound 
effect' marked by abrupt diarrhoea, on the day following the end of treatment. They treated a further four 
patients with SMS 201-995 (100µg subcutaneously twice daily), and two with cryptosporidiosis only 
showed reduced stool output, with no rebound effect, and two with cryptosporidiosis and colonic 
cytomegalovirus infection showed no response to treatment. Robinson & Fogel (1988) treated another 
patient with cryptosporidiosis who had lost 17kg, and complained of weakness, anorexia and 8-10 liquid 
stools per day. Treatment with SMS 201-995 resulted in a weight gain of 9kg over 6 weeks. After 10 
weeks of treatment with no recurrence of diarrhoea his dose was reduced for one week and there was 
an immediate exacerbation of his diarrhoea, and loss of weight to pretreatment levels. Restarting 
treatment resulted in reduction of diarrhoea and weight gain. Connolly et al. (1988) treated one patient 
with somatostatin (Serono Laboratories [UK] Ltd), and found no effect on the volume of diarrhoea, but 
eliminated abdominal cramping which returned on stopping therapy. Cook et al (1988) reported another 
patient with diarrhoea, 14 kg weight loss and fatigue, who was treated with SMS 201-995, and showed 
a dramatic reduction In stool volume and frequency, and a return to a diarrhoeal state when treatment 
was withdrawn for three days. Another patient received octreotide as a continuous Infusion with total 
parenteral nutrition, and had a reduction in stool volume from 6 to 3I h" (Katz et al., 1988). Another 
patient treated with SMS 201-995 showed a marked reduction In diarrhoea (Casals et al., 1989). 
Both native cyclic somatostatin and octreotide have a beneficial effect on the severe watery diarrhoea 
associated with cryptosporidiosis In AIDS, and the life threatening weight loss which results from it. 
Octreotide has a longer biological half life (41-113 minutes) than Native cyclic somatostatin (2-3 
minutes), Is at least 75 times more active at stimulating Intestinal absorbtion (Roberts et al., 1986), and 
Is preferable to SRIF because it doesn't need to be administered continuously. Doses of up to 300µg 
every four hours are well tolerated and effectively reduce diarrhoea (stool volume and frequency). There 
can also be reduced abdominal cramping, and reduction or reversal of weight loss. There is no effect 
on Cryptosporidium infection (Cook et al., 1988), or on immune status as measured by lymphocyte 
count and T4: T8 ratios (Robinson & Fogel, 1988; Cook et al.. 1988), and treatment may not be effective 
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In patients with cryptosporidlosis and colonic cytomegalovirus infection (Rene et al., 1986). 
2.5.34 Diphenoxylate (Lomotil) was administered to 15 AIDS patients with cryptosporidiosis and 
reduced average stool volumes significantly (Connolly et al, 1988), and the reduction was proportional 
to the dose administered, but treatment was limited by the development of cramping abdominal pains. 
2.5.35 Long acting morphine sulphate (MST Continus) was used by Connolly et al. (1988) to treat 
seven AIDS patients with cryptosporidiosis, and all had more than 50% reduction In stool volume, and 
stools became formed In six. 
2.5.36 Animal charcoal and substitution of electrolytes stopped the large fluid loss, and were used 
In conjunction with Lasalocid and spasmolytica to treat calves aged 2 days to three months (Gobel, 
1987). 
2.5.37 Diet has proved to be of little Importance in the control of symptoms or treatment. The 
demonstration of reduced lactase activity In the upper small intestines of lambs (Tzipori et al., 1981), pigs 
(Tzipori et al, 1982), and calves (Tzipori, 1983) with cryptosporidiosis suggests malabsorption may be 
important In Inducing osmotic diarrhoea (Tzipori, 1985), but Soave et al., (1984) found lactose free and 
gluten free diets to be of no value In four AIDS patients with cryptosporidiosis. Enteral feeding by 
nasogastric tube was found to give weight gain In a four year old child with AIDS (Benkov et al., 1985). 
2.5.38 Vaccination has been discussed as a potential means of preventing cryptosporidiosis, but has 
important limitations (Woodmansee et al, 1989). In animals infection usually occurs very early in life, 
before there Is any opportunity if developing active Immunity (Fayer & Ungar, 1986), and passive 
immunity from immune colostrum is not effective In preventing infection in calves (Harp et al, 1989), or 
mice (Fayer et al, 1989; Perryman et al, 1990). The resistance to infection may be dose related, with 
large infecting Inocula overwhelming Immunity, but resistance to disease in pigs may be due to chronic 
low level Infection in adults, and good lacteal immunity (Tzipori, 1985; Angus, 1988). The production of 
precocious strains of Eimeria, which complete their life cycle in a faster than normal period, has been 
used to produce live vaccines for use in chickens (Parry et al, 1989). This approach Is unlikely to be 
successful in Cryptosporidium because of the presence of autoinfective thin walled oocysts in the life 
cycle (Current & Reese, 1986). In man the use of a vaccine would be limited to patients with specific 
immune deficiencies, although the ability to produce a good Immune response may limit the value of 
such a treatment. 
2.539 Treatment of Immunodeficient patients can be achieved in a percentage of cases, and 
spiramycin, paromomycin, fluconazole, MST continus, octreotide and bovine colostrum have all shown 
promise forthe symptomatic improvement of cryptosporidiosis. Cure of the parasitaemia is probably only 
achieved by the production of a good immune response, and AZT In patients with HIV can bring about 
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a parasitological cure in some cases, which may be related to an improved immunological status. 
2.5.40 Treatment of Immunocompetent patients with anything other than supportive treatment is 
unjustified at present. Morphine based medicines may give less cramping than diphenoxylate, and oral 
rehydration is necessary in dehydrated and malnourished children. 
2.5.41 Treatment of animal infections has only been successful with halofunginone, but further trials 
are required. 
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2.6 The epidemiology of human and animal cryptosporidiosis is complex, and involves many routes 
of infection (Casemore, 1990). Animal Infections are probably transmitted mainly through the faecal-oral 
route, although the environmentally resistant oocysts may remain dormant in soil, on vegetation, or In 
water for months (Smith, 1990). Direct animal to animal contact occurs in conditions of intensive 
husbandry, and C. parvum appears to be commonly present where animals are raised commercially 
(Current & Blagburn, 1990). Cows may infect their offspring at birth. Respiratory cryptosporidiosis In 
turkeys probably happens because animals inhale oocysts from particles of infected faeces (Blagburn 
In presentation of paper: Blagburn et al, 1991). Human infections associated with calves led to an early 
view that cryptosporidiosis is a zoonosis (Current et al, 1983), but this was challenged by the view that 
zoonotic infection was not the most important route of infection (Casemore & Jackson, 1984). Cross 
transmission experiments have shown that isolates of C. Darvum have a broad host range amongst 
mammals (Fayer & Ungar, 1986), although it Is unclear to what extent such cross transmission occurs 
In nature. 
2.6.1 Domestic animals have been shown to be Infected, and Cryptosporidium has been found In 
dogs and cats (Augustin-Bichel, 1984; Baxby et al, 1983). Care has to be taken In Interpreting the 
significance of Cryptosporidium oocysts In pets, because the pet and owner may have been exposed 
to a common source of infection (Casemore, 1990). 
2.6.2 Cats. Cryptosporidium fells was reported In 5/13 cats with cryptosporidiosis (Iseki, 1979), and 
this is now thought to be synonymous with C. parvum (Levine, 1984). Intestinal cryptosporidiosis has 
been found in cats (Poonachia & Pippin, 1982; Pavlasek, 1985), and Cryptosporidium was found In a 
child who obtained a cat two weeks before the onset of diarrhoea. Oocysts were found In the faeces 
of the cat, and in two other cats tested (Baxby et at, 1984; Bennett et al, 1985). Infection In a child In 
Switzerland was thought to have been caught from a cat (Egger et at, 1990). Cryptosporidium was 
demonstrated In 23/608 (3.8%) asymptomatic cats committed to an animal protection centre In Tokyo 
(Aral et al, 1990), and infection was more common in younger animals. Cryptosporidiosis was described 
In a cat Infected with feline Immunodeficiency virus (FIV) (Monticello et at, 1987). A cat was 
experimentally infected with oocysts of C. parvum from a calf (Pavlasek, 1983), and C. muris Infection was 
produced In cats experimentally infected with oocysts from a rat (Iseki et at, 1989). 
2.6.3 Dogs. Cryptosporidiosis was found in an adult dog with diarrhoea, malabsorption, and chronic 
lymphoplasmocytic enteritis (Greene et at, 1990), and a veterinary worker developed cryptosporidiosls 
after working In the ward where the dog was nursed. No oocyst excretion was found in 101 dogs 
examined in Edinburgh (Simpson et at, 1988). In a survey of stray dogs in San Bernadino City, 4/200 
were shown to be passing Cryptosporidium oocysts (EI-Ahraf et at, 1991). Cryptosporidium was 
demonstrated In a labrador dog with mild gastrointestinal upset, which may have caused a human 
Infection (Casemore, 1990). It is thought that Infection from dogs can occur, but is not a significant 
source of human infection (Casemore, 1990). 
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2.6.4 Farm animals, particularly calves and lambs, are commonly infected with C. arvum at or shortly 
after birth, and usually this Is associated with scours (the veterinary word for diarrhoea In young animals) 
(Tziporl, 1985). Often such animals have two or more known enteric pathogens. Such animals are highly 
infectious, and there Is a risk to farm workers, families of farm workers, people, particularly children, on 
recreational visits to farms, and campers using farmland (Casemore, 1990). Children have become 
Infected after playing with bottle fed lambs (Casemore, 1989). The seasonal Incidence of 
Cryptosporidium In humans, and incidents of cryptosporidiosis in animals, show Infection to be more 
common In the spring and autumn, which may suggest humans are catching C. parvum from animals, 
or that both animals and humans are exposed to contaminated water at the same time of the year. The 
most likely explanation for the seasonal Infection of C. parvum In farm animals Is that only young lambs 
and calves are infected, and lambing and calving are seasonal. arvum can cause severe disease In 
newborn piglets, and there Is a high prevalence of the organism In the population, but good lactogenic 
Immunity Is thought to prevent severe infections (Tzipori, 1985). There have been no reports of infections 
from piglets, although it Is reasonable to assume that they can occur. Goats and deer get 
cryptosporidiosis, but human Infections associated with them have not been reported. 
2.6.5 Occupational exposure has been reported In veterinary students (Anderson et at, 1982; Pohjola 
et at, 1986; Levine et al, 1988, Green et al, 1990). Ten Infected students had been exposed to Infected 
calves, or their products (Levine et at, 1988). A negative association between human and bovine cases 
has been noted with occupationally exposed adults, and it Is suggested that constant exposure leads 
to repeated mild or asymptomatic infection, and high levels of immunity (Casemore, 1990). Indirect 
infection may occur where occupationally exposed Individuals are contaminated with oocysts and Infect 
family members (Casemore, 1990). Cryptosporidiosis affected three veterinary staff caring for calves from 
a farm experiencing an epizootic of cryptosporidlosis, and the wife of one of the workers who washed 
his soiled clothes (Reif et al, 1989). It was suggested that a number of mechanical digger operators may 
have Infected their children through footwear contaminated with animal faeces (Casemore, 1987). Direct 
exposure of family contacts of occupationally infected calf handlers In Bangladesh, was thought to have 
been caused by person to person transmission (Rahaman et al, 1984). Nursing staff, and nursery school 
or day nursery staff, can also be exposed to oocysts from infected patients, or children. 
2.6.6 Laboratory Infection Is uncommon in well run medical laboratories, but may be more common 
in veterinary laboratories, due to the closer contact between people and infected animals. The first 
reported case Involved a researcher inoculating a rabbit with Cryptosporidium, who became 
symptomatic 5 days after the rabbit coughed droplets into his face. Evidence suggests that dried faecal 
smears do not represent a great risk to laboratory staff, centrifugation of unfixed faeces is safe if carried 
out in sealed buckets, and the most likely way of catching the Infection is through not washing hands 
thoroughly. Cryptosporidium spp. are classified as Category 2 pathogens by the Health and Safety 
Executive (Advisory Committee on Dangerous Pathogens, 1990). 
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2.6.7 Food has rarely been implicated In human cryptosporidiosis, probably for the same reasons that 
Giardia lamblia food Infections are rarely reported. The reasons are firstly that the organisms are difficult 
to detect in small numbers In food, and secondly they cannot grow In food, so they will not be a 
significant problem In cooked products, where food poisoning is often associated with growth of the 
organism In the food. The low Infectious dose of C. 12arvum suggests that lightly contaminated food (eg: 
salad, sandwiches), In which contamination is from the hands of Infected food handlers, could represent 
a possible source of infection. There have been no published studies of the survival of C. parvurn in food 
products. The consumption of raw sausage was found to be associated with Cryptosporidium Infection 
(Casemore, 1987), and an individual was thought to have been Infected with frozen tripe sold for dog 
food (Nichols & Thom, 1985), although oocysts have been found to be sensitive to freezing. Improper 
preparation of weaning foods was thought to be Important In cryptosporidiosis In Peru (Black et al, 
1989). 
2.6.8 Unpasteurised milk has been Implicated as a cause of cryptosporidiosis In humans (Elsser et 
al, 1986), and this is probably due to the faecal contamination of udders before or during the milking 
process. There was statistical evidence that patients with cryptosporidiosis had consumed unpasteurised 
milk more frequently than controls (Friedank & Kist, 1987). There is no evidence that, under natural 
conditions, C. parvurn can grow within the udder, and there Is strong evidence of high level antibody 
production In cows Inoculated by the Intramammary route (Harp et al, 1990), suggesting that any 
Infection produced would be short lived. 
2.6.9 The environment is extensively contaminated with Cryptosporidium oocysts (Smith, 1990), but 
there is little direct evidence of infection from environmental sources other than animal faeces. The 
evidence that oocysts of C. parvum are sensitive to drying (Anderson, 1986) argues against dust borne 
infection, but droplets of infected mud could presumably cause infection. 
2.6.10 Water has been strongly implicated In large community outbreaks of cryptosporidiosis, both 
in Great Britain (Smith et al, 1988 ; Rush et al, 1990) and in the USA (D'Antonlo et at, 1985; Hayes et 
at, 1989), and is an Important factor in infections In developing countries (Black et at, 1989). In a case 
control study in New Mexico, Cryptosporidium Infection was associated with the consumption of 
untreated surface water (Gallagher et al, 1989). Sewage outfalls, and surface and river waters have been 
shown to be commonly contaminated with Cryptosporidium oocysts (Madore et at, 1987; Ongerth & 
Stibbs, 1987). A community outbreak of cryptosporidiosis affected 34% of 1791 households, and was 
traced to a contaminated artesian well (D'Antonio et al, 1985). A large community outbreak of 
cryptosporidiosis affecting an estimated 13,000 people, was reported In Georgia, USA, (Hayes et at, 
1989). Epidemiological investigation of an outbreak of cryptosporidiosis In Sheffield In 1986, suggested 
this was a waterborne outbreak (Rush et al, 1990). An outbreak of cryptosporidiosis In Ayrshire was 
shown to have been caused by post-treatment contamination of the water supply (Smith et at, 1988; 
Smith et al, 1989). 
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The resistance of oocysts to chlorine at the levels used In water treatment, means that unfiltered water 
can contain viable oocysts In detectable numbers (Rose, 1988). Ozone and chlorine dioxide were more 
effective at killing oocysts than chlorine or monochloramine (Peeters et al, 1989; Korich et al, 1990). Slow 
sand filtration successfully removes Cryptosporidium oocysts from water (Chapman et al ,, 1990). The 
low Infective dose of C. narvum for susceptible animals (Chrisp et al, 1990; Miller et al, 1990), and 
presumably humans, means moderate numbers of oocysts may cause large outbreaks, and small 
numbers may cause sporadic human infection. 
2.6.11 Children under 5 years old are more commonly Infected with C. parvum, than other age groups 
(Fayer & Ungar, 1986; Crawford & Vermund, 1988). They are also less hygiene conscious than adults, 
and are often looked after In play groups, nursery schools and other less formal groups, where they are 
In contact with many other children. Infections with Cryptosporidium were found In 27/42 infants and 
toddlers In an outbreak of diarrhoea In a hospital day care centre (Combee et all, 1986), and In 11/53 
stool samples obtained during an outbreak of gastroenteritis in children aged 18 to 36 months at a day- 
care centre (Bretagne et al, 1990). Contact with children attending day-care centres was thought to be 
the source of infections In a Canadian study (Elsser et at, 1986), and In a case control study In New 
Mexico (Gallagher et al, 1989). The secondary attack rate of family contacts of children with 
cryptosporidiosis attending a day-care centre was 23%, in a study in Tulsa, USA (Heijbel et all, 1987). 
Children attending day-care centres were described as one of four groups at risk of getting 
cryptosporidiosis, and it Is other children who they catch it from (Fisher & Agger, 1987). A large family 
size was found to be a risk factor In Liberian children (Hojlyng et al, 1986). 
2.6.12 Sexual contact may be a source of infection, particularly in promiscuous homosexuals. 
Infection with many enteric pathogens is more common in this group (Weber, 1985), and oral and anal 
sexual intercourse represent an infection risk. It is unclear whether ascending infection is possible, or 
if it is possible, whether it is common. Transmission during heterosexual intercourse is probably 
common, but is difficult to prove. 
2.6.13 Travel is associated with alterations in people's eating habits, bowel flora, and exposure to 
enteric pathogens. As Infections with C. parvum are significantly more common In developing countries 
than in developed ones (Fayer & Ungar, 1986; Crawford & Vermund, 1988), It Is reasonable to assume 
that Infections from abroad will be common, and a number of reports have shown this. Cryptosporldiosis 
was reported following travel from Finland to Leningrad (Jokipii et al, 1985), a city renowned In the West 
as a place to catch giardiasis. Cryptosporidium was detected In 13/65 (20%) of people who had recently 
travelled from Pakistan (Flegg, 1987). A number of Canadian and US patients were Infected following 
visits to Mexico (Moricz et al, 1985; Stirling et al, 1986), and two families had cryptosporidiosis following 
return from Africa (Soave & Ma, 1985). Infection in children with traveller's diarrhoea was reported to be 
common (Abel et al, 1989), and in a study of 21 children with cryptosporidiosis, contact with another 
person with cryptosporidiosis, and recent travel In a Mediterranean country, were two common factors 
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associated with Infected patients and not with controls (Egger et al, 1990). Cryptosporidium was present 
in 5% of travellers with diarrhoea in Nepal, and was only the sixth most common pathogen (Taylor et 
al 1988). In 75 US Peace Corps volunteers working in West Africa, 32% had IgG anti Cryptosporidium 
antibodies before going out, a further 5% had serological evidence of infection (newly demonstrated anti 
Cryptosporidium IgG) after 6 weeks stay, 14% after one year, and 13.6% after two years (Ungar et al, 
1989). 
2.6.14 Family infections are common, and individual family members are often infected one after the 
other, indicating person to person transmission (Combee et al, 1986; Rahaman et al, 1990; Riblero & 
Palmer, 1986; Steeb et al, 1987). In a day-care centre, Cryptosporidium excretion in children was 
associated with a history of diarrhoea in family members (Alpert et al, 1986). Cryptosporidiosis was 
diagnosed in four adults who were contacts of infected children (Baxby & Hart, 1986). 
2.6.15 Hospital infection has been demonstrated in a few patients, and can be a serious problem In 
AIDS wards, where Cryptosporidium infected patients may be passing large volumes of faecal material 
per day (Pitlik et al, 1983). A nurse was Infected after caring for a 13 month old boy with 
cryptosporidiosis (Baxby et al, 1983), and infant to infant transmission has been demonstrated (Farrias 
& Duffau, 1989). A female intern developed cryptosporidiosis while caring for a Cryptosporidium infected 
haemophiliac with AIDS (Koch et al, 1985), and other staff showed antibodies to Cryptosporldium. In a 
specialised bone marrow transplant unit with individual rooms, five patients became infected from a sixth 
patient (Martino et al, 1988). Nineteen percent of children in a bone marrow transplant unit in Australia 
developed Giardia or Cryptosporidium infection (Blakey et all, 1989). Twenty eight children and one 
member of staff were Infected in a hospital day care centre, but no definite proof of person to person 
transmission was found (Melo Christino et all, 1988). Flexible gastrointestinal endoscopes used on 
patients with cryptosporidiosis, may cause Infections In other patients if inadequately cleaned, and 
recommendations about cleaning and disinfection of this equipment have been made (Casemore et al, 
1989). 
2.6.16 Breast feeding has been found to be associated with lower rates of Infection In neonates (Pape 
et al, 1987; Reinthaler, 1989), possibly due to lactogenic Immunity, and/or contamination of artificial milk 
feed with oocysts. Cryptosporidium Infection in Liberian children was more common in bottle fed 
children than in children not bottle fed (Hojlyng et al, 1986), and all of 48 Cuban children with 
cryptosporidiosis were found to have been exclusively bottle fed (Delfin et all, 1989). The role of breast 
milk in protecting babies against Cryptosporidium Infection was examined in a cohort study In Peru. 
Infection was more common in women with low anti-Cryptosporidium antibodies In their milk than In 
those with high titres (Stirling et al, 1991). Studies of this kind may offer confusing evidence, because 
if mothers are Infected with Cryptosporidium, they will have high titres of antibody, but will also be more 
likely than uninfected mothers, to infect the child, and in the oral report of this paper, protection was not 
seen In patients with high levels of breast milk antibody against Cryptosporidium. 
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2.6.17 Asymptomatic infection with Cryptosporidium may result from carriage of an organism which 
caused symptomatic Infection at some time In the past, or from a primary infection In a patient with a 
degree of natural or acquired Immunity. It has been suggested that the bile duct may harbour 
Cryptosporidium for some time (Soave, 1988). Asymptomatic infections have commonly been seen in 
developing countries (Hojyling et al, 1986; Reinthaler et all, 1989), in outbreaks In day care centres 
(Alpert et al, 1986; Crawford et al, 1988; Lacroix et al, 1988; Diers & McAllister, 1989), In family Infections 
(Isaacs et all, 1985), and In immunodeficient patients (Zar et al, 1985; Gentile et al, 1990). A high 
incidence of Cryptosporidium in people undergoing endoscopy, but without the usual symptoms of 
cryptosporidiosis, suggested a high Incidence of asymptomatic infection in the population (Roberts et 
al, 1989). Episodes of asymptomatic oocyst excretion can occur for up to two months following clinical 
recovery from cryptosporidiosis (Jokipil & Jokipil, 1986). It Is reasonable to think that asymptomatic 
cryptosporidiosis Is due to infection in people who have had symptomatic Infection in the past, but there 
may be physiological reasons, similar to those contributing to resistance to Infection in adult animals, 
that are Important. Infection with other infectious agents, particularly viruses, may initiate symptomatic 
infection In these patients, and worsening of the Immune status In AIDS patients may also contribute to 
the severity of disease. 
2.6.18 Age groups. Cryptosporidiosis is almost always more prevalent in children than in other age 
groups (Fayer & Ungar, 1986; Crawford & Vermund, 1988). In developed countries, neonates, and 
children up to the age of one, are infected less frequently than those over one year old, and this is 
probably due to a lower exposure to oocysts, rather than to natural resistance. 
2.6.19 Season and weather. Weather appears to affect animal susceptibility to cryptosporidiosis 
(Gregory, 1990). Dry weather was regarded as an explanation for a sudden drop In prevalence in horses 
In Louisiana (Coleman et at, 1989), and susceptibility of lambs and red deer calves was Increased in cold 
wet weather (Angus, 1988). The higher number of incidents of calf cryptosporidiosis In spring and 
autumn, and the higher number of Incidents of lamb cryptosporidiosis In the spring, probably reflect the 
number of newborn animals as much as prevailing weather conditions. 
Human Infections are seasonal, and has been reported In a number of studies (Casemore et al, 1985; 
Baxby & Hart, 1986; Miller et al, 1986; Araya et at, 1987; Corbett-Feeney, 1987; Shahid et al, 1987; Cruz 
et at, 1988; Garcia-Rodriguez, 1989; Caprioll et at, 1989; Steel et at, 1989; Subramanyam et at, 1989; 
Skeels et at, 1990; Molbak et al, 1990). Seasonal variation In cryptosporidiosis in chickens has also been 
observed (Goodwin & Brown, 1988). In calves Infection was highest In the second quarter of the year 
(Henriksen & Krogh, 1981), and was associated with the calving season (Mann et at, 1986). There Is 
some evidence that the heavy rainfall following a period of drought, has played a part In some 
waterborne Infections (Badenoch, 1990; 9.1-9.48), and prevalence Is often higher during the start of the 
rainy season (Molbak et al, 1990). 
2.6.20 Absence of toilet facilities in the home was a risk factor associated with cryptosporidiosis In 
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an urban area of Guatemala City (Cruz et al, 1988). 
2.6.21 Percentage of the population infected has not been fully assessed. There have been large 
numbers of surveys of cryptosporidiosis in various population groups around the world (Crawford & 
Vermund, 1988; Fayer & Ungar, 1986), but most provide little evidence of the extent of community 
infection. Past infection with Cryptosporidium probably confers a reasonable degree of immunity to 
reinfection, but this immunity will diminish with time, and may be overcome by a large oocyst dose. In 
Manitoba, Canada, the prevalence of Cryptosporidium infection was 25/ 100,000/ year in children under 
5 years old, compared with 1.4/ 100,000/ year in older people (Mann et al, 1986). 
2.6.22 Routes of infection have been described in a complex network of human and animal Infection 
(Casemore, 1990). As Cryptosporidium cannot grow outside a host animal, all infection must derive from 
the consumption of faecally derived material. Within a community there Is person to person transmission, 
and there is also Infection from outside the community through water, animal and travel associated 
Infections. The relative Importance of each of these factors in community Infection remains unclear. 
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2.7 Animal Infection with Cryptosporidium spp Is common, and isolates have been detected In reptiles, 
fish, birds and mammals, but not in amphibians (Current & Blagburn, 1990). 
2.7.1 Fish were first shown to be susceptible to cryptosporidiosis when a tropical fish called a naso 
tang (Naso lituratus), purchased in a pet shop, and kept In a home aquarium, was killed after a 2-month 
progressive Illness. There was intermittent anorexia, regurgitation of food, passage of undigested food 
in the faeces, and emaciation, and Cryptosporidium was Identified histologically (Hoover et all, 1981). 
Cryptosporidium has also been detected in 5/35 carp (Cvprinus carr lo) In Czechoslovakia (Pavlasek, 
1983)., A number of trout from a reservoir associated with an outbreak of human cryptosporidiosis, were 
found to have Cryptosporidium oocysts in their intestinal contents by microscopy and enzyme 
immunoassay (Rush et al, 1990). 
2.7.2 Reptiles have been reported as hosts to Cryptosporidium, with gastritis being the commonest 
presentation (Upton et all, 1989). There appear to be at least four species which infect reptiles. The 
Cryptosporidium spp. described by Triffit (1925), Anderson et al (1968), Duszynskl (1969), and Arcay de 
Peraza & Bastardo de San Jose (1969) are all thought to be sporocysts of Sarcocystis sDD. (Levine, 
1984; Upton & Current, 1985; Upton et al, 1989). The first valid report of cryptosporidiosis In reptiles was 
In 14 snakes of different species (Brownstein et al, 1977), and Levine (1980) named the organism 
Cryptosporidium seraentis. Infection involved the gastric mucosa, with hypertrophic gastritis, atrophy 
of granular cells and focal mucosal necrosis, and affected snakes regurgitated food, and showed 
midbody swelling. Further reports have demonstrated Cryptosporidium as a cause of gastritis In snakes 
(McKenzie et al, 1978; Szabo & Moore, 1984; Boylan et al, 1985; Heuschele et al, 1986; Gillespie, 1987; 
Upton et al, 1989), a tortoise (Heuschele et al, 1986), and a chameleon (Dillehay et al, 1986). There were 
no apparent clinical signs associated with cloacal Infection In geckoes (Upton & Bernard, 1987). Upton 
et al (1989) found 3% of 528 reptiles examined had Cryptosporidium oocysts In their faeces, representing 
11 species from around the world. Infected snakes are usually mature, unlike most Cryptosporidium 
infections In birds and mammals. 
2.7.3 Birds are commonly infected with Cryptosporidium spp. In the wild and In artificially reared 
situations. The first report of cryptosporidiosis In birds was in chickens with Intestinal Infections which 
were thought to be due to C. parvum (fyzzer, 1929), and an intestinal Cryptosporidium was also 
demonstrated in turkeys, and was named C. meleagridis (Stavin, 1955). Recent reviews of 
cryptosporidiosis in birds (Blagburn, 1988; Current & Blagburn, 1990), suggests the number of known 
species Is at least three ail 1, C. meleagridis, and a species infecting quails), and there is probably 
at least one further species which Infects the proventriculus of finches (Lindsay et at, 1991). In birds 
cryptosporidia can infect the enteric, respiratory and renal epithelium, and have been found in the nasal 
chamber, palatine cleft, turbinates, infraorbital sinuses, conjunctiva, larynx, trachea, bronchi, air sacs, 
salivary glands, proventriculus, small Intestine, caecum, colon, cloaca, ureters, collecting ducts, 
collecting tubules, and distal convoluted tubules (Current & Blagburn, 1990). Avian cryptosporidia can 
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be organ specific, and the site of infection can depend on the route of infection. 
2.7.4 Farmed birds are all susceptible to infection with Cryptosporidium spp., but there Is some host 
specificity (Current & Blagburn, 1990). The Intensive nature of the hatching and rearing of many farmed 
species results in Infections with a number of coccidla, bacteria and viruses which can Interact with each 
other to produce disease (Ruff, 1989). There has been morbidity and mortality in naturally Infected 
chickens, turkeys, peacocks, and pheasant (Fayer & Ungar, 1986). 
2.7.5 Chickens can develop renal, respiratory or intestinal cryptosporidiosis. In the single report of 
renal cryptosporidiosis, parasites were found in the ureters, collecting ducts and convoluted tubules 
of the kidneys, and were associated with epithelial cell hyperpiasla, and inflammatory cell Infiltration 
(Nakamura & Abe, 1988). Respiratory cryptosporidiosis is the commonest, and most severe of the 
diseases, causing transient weight depression, with depression, rales, coughing, sneezing and the 
production of a characteristic 'snicking' sound (Blagburn, described during the presentation of Blagburn 
et al, 1991). It Is thought to be caused by C. bailevi, as C. meleaoridis does not usually Infect the 
respiratory tract, and experimental respiratory infection with C. bailevi produces a disease which is 
Identical to the natural Infection. There Is excessive accumulation of mucus In the oculonasal cavities, 
trachea, lungs and air sacs (Current & Blagburn, 1990), and Infected birds have a reduced p02, and 
Increased HCO3, pCO2, and CO2 (Blagburn et al, 1991). Concurrent Infection with Escherichia coil or 
infectious bronchitis virus resulted in a greater Inflammatory response than infection with either agent 
alone. Respiratory cryptosporidiosis appears to be acquired from the inhalation of faecal material from 
the litter. Intestinal cryptosporidiosis is not usually accompanied by overt disease, but In some reports 
infection was associated with diarrhoea, weakness, cachexia, or failure to thrive (Current & Blagburn, 
1990). Bursal cryptosporidiosis can result in increased mortality, with hypertrophy or hyperplasia of 
the bursal epithelial cells. The prepatent period was 3 days, and the patent period was 4-14 days for 
chickens Inoculated at 1-6 months of age (Current et al, 1986), and parasites were seen In enterocytes 
of the cloaca, and bursa of Fabriclus by four days. C. meleagridis can be experimentally Inoculated Into 
chickens where it infects the proximal small Intestine. 
2.7.6 Turkeys get both respiratory and intestinal cryptosporidiosis, and the clinical signs are similar 
to those of chickens, with sinusitis and respiratory disease. An Intestinal Cryptosporidium was 
demonstrated in 10-14 day old turkey poults with diarrhoea (Slavin, 1955). Intestinal cryptosporidiosis 
may be present without any observable clinical signs, with diarrhoea, and sometimes death. Villa were 
stunted, crypts enlarged, and the Intestinal tissues contained an Inflammatory exudate. Respiratory 
cryptosporidiosis was demonstrated in turkeys (Hoerr et al, 1978). C. b il from broiler chickens failed 
to produce clinical disease in turkeys. Infection of the infraorbital sinuses can result In bilateral facial 
swelling and hyperplasia of the sinus epithelium (Current & Blagburn, 1990). 
2.7.7 Pheasant Infections were seen in ring necked pheasants (Phaseanus coichicus) In Australia 
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(O'Donaghue et al, 1987), and Czechoslovakia (Pavlasek et al, 1989), and clinical presentations included 
conjunctivitis (Randall, 1986), and respiratory infection (Whittington & Wilson, 1985). 
2.7.8 Quail are resistant to experimental Infection with C. b il i (Current et al, 1986; Lindsay et al, 
1986), but are infected by a Cryptosporidium sp. which causes outbreaks of Infection In commercially 
produced flocks (Tham et al, 1982; Hoerr et al, 1986; Ritter et al, 1986). , Bobwhite quail C lin 
vir inian s experimentally inoculated with quail Cryptosporidium isolates developed a severe enteritis 
with marked growth depression and a high mortality (Guy et al, 1987). There was blunting of the 
intestinal villi, and a mononuclear response In the lamina propria, and when coinfection with 
Cryptosporidium and reovirus was present, there was multifocal liver necrosis. The quail Cryptosporidium 
fig is not capable of causing infection in chickens (Hoerr et al, 1986). 
2.7.9 Geese were first shown to be susceptible to cryptosporidiosis when a domestic goose An r 
n 19r) was found to be Infected In Iowa (Proctor & Kemp, 1974), and In domestic geese In 
Czechoslovakia (Palkovick & Pecka, 1989). Seven, two day old geese developed heavy Infections of the 
bursa of Fabricius following experimental Inoculation with C. baileyl from chickens (Current et al, 1986). 
2.7.10 Ducks. Ducks experimentally infected with C. balle from chickens, developed heavy Infections 
In the bursa of Fabricius and cloaca (Current et al, 1986; Lindsay et al, 1986; 1989). 
Conjunctival cryptosporldiosis was demonstrated In a duck (Mason, 1986) Experimental intratrachial 
inoculation of 13 ducks Induced respiratory Infection, but they produced only mild clinical signs, and 
airsaculitis was seen in only three birds. Ducks are more resistant to experimentally Induced respiratory 
cryptosporidiosis caused by C. bail i than are chickens and turkeys (Lindsay et al, 1989). 
2.7.11 Other birds have been shown to get cryptosporidlosis. Kidney infections were reported In a 
black throated finch with purulent interstitial nephritis, and cryptosporidia attached to the kidney tubule 
(Gardiner & Imes, 1984), and a jungle fowl with weight loss, nasal mucus, enlarged adrenal glands, and 
pale caecal contents (Randall, 1986). In a study of zoo and pet birds, Cryptosporidium infections were 
found in cockatiels, Australian Diamond Firetail finches, Bronze Mannikin finches, and White Lored 
Euphonias (Lindsay et al, 1991). In cockatiels infection was confined to the small Intestine except for one 
bird which also had respiratory involvement. Infections In Firetail and Mannikin finches were confined 
to the proventriculus only (Blagburn et al, 1990; Lindsay et at, 1991). In Red-lored parrots, 
Cryptosporidium was demonstrated In the cioacal coprodeum (Doster et al, 1979). Intestinal Infection 
In cockatiels was with an organism which resembled C. baileyl in appearance (Lindsay et at, 1990). 
Intestinal cryptosporidiosis was demonstrated In a budgerigar with weight loss, and a cockatiel with 
pneumonia, and may be a cause of weight loss and death in pet birds (Goodwin et al, 1989). 
Cryptosporidium was demonstrated in a budgerigar, a macaw, and a tundra swan (Ley et al, 1988). 
2.7.12 Mammals are commonly Infected with Crypt osnroridium sQQ, and the host range of isolates is 
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broad. C. parvum Infects the small Intestine of a large variety of animals, C. muris Infects the stomach of 
a variety of mammals, and C. wrairl Infects the Guinea pig small Intestine. 
2.7.13 Cattle are probably inoculated with arvm throughout life, and may occasionally get 
Infection In adulthood, but calves get a severe diarrhoea (scour) when Infected (Anderson, 1981). 
Cryptosporidiosis In cattle was first described In the 1970's (Barker & Carbonell, 1974), and Infection has 
been reported worldwide, although the incidence of infection varies widely, with 16-100% of diarrhoeal 
calves positive (Fayer & Ungar, 1986). Combined infection with enteric viruses and bacteria Is common 
(Fayer & Ungar, 1986), but studies of cryptosporidiosis in gnotoblotic calves showed they suffered 
anorexia, depression, weakness and diarrhoea when monoinfected (Pohlenz et al, 1984). The scours 
associated with C. parvum are of economic importance (Tziporl, 1985), although few animals die, and 
an estimate of the annual loss due to cryptosporidiosis in the US of $6.2 million was based on 1986 
prices (Fayer & Ungar,, 1986). Oocysts from calves infect virtually all mammals studied (Fayer & Ungar, 
1986). C. muris infects cattle, causing abomasal cryptosporidiosis (Anderson, 1987), and infection occurs 
in animals of all ages, and is present throughout the USA (Anderson, 1991). 
2.7.14 Sheeu are susceptible to cryptosporidiosis (Barker & Carbonell, 1974), and lambs as old as 7 
months were Infected (Tziporl et at, 1981), but lambs of less than one month old are most commonly 
Infected, with morbidity and mortality associated with a profuse diarrhoea. Infection usually lasts from 
2 to 12 days (Fayer & Ungar, 1986), and is associated with anorexia, poor growth, depression, weak 
limbs, slow gait, and yellow, watery faeces (Angus et at, 1982; Tzipori et at, 1981). Artificial rearing 
conditions have been blamed for some Infections (Tziporl, 1983). 
2.7.15 Pius, when young, can develop enteritis associated with Cryptosporidium Infection (Bergland, 
1977; Kennedy et al, 1977; Links, 1982), but lacteal immunity appears to be good, and under normal 
conditions cryptosporidiosis Is not a problem (Tzipori, 1985; Angus, 1988). Subclinical Infection Is 
common in commercial piggeries, but had little economic impact, and breeding sows can harbour the 
organism with a low excretion rate (Tacal et al, 1987), indicating that immunity Is continuously boosted 
(Angus, 1988). 
2.7.16 Goats have a similar infection to sheep, and in France diarrhoea Is the most common cause 
of death in kids, and Cryptosporldium Is the most frequently identified causal agent (Angus, 1988; Yvore 
et al, 1984). 
2.7.17 Deer calves can be Infected with Cryptosporidium (Tziporl et all, 1981; Orr et at, 1985), and 
suffer from diarrhoea. In Red deer calves with symptomatic cryptosporidiosis 20/56 died following 
Infection, and 50% of apparently healthy animals were found to be excreting Cryptosporidium oocysts 
(Tziporl et al, 1981). In the 10,000 or more breeding hinds In Britain Cryptosporidium Is recognised as 
a problem, although some outbreaks of fatal illness did not correlate with oocyst excretion, but were 
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more linked to weather. Deer cryptosporidiosis is a significant problem, and moving animals onto 
Infected pasture can cause economic losses (Angus, 1988). 
2.7.18 Horses. Cryptosporidiosis was first demonstrated in 5/6 arabian foals with severe combined 
immunodeficiency, suffered from diarrhoea, and died of adenoviral infection (Snyder et al, 1978). The 
parasites were found from stomach to caecum, and in the pancreatic ducts, bile ducts of two animals. 
Infections have since been demonstrated in similar foals (Gibson et al, 1983), sometimes in conjunction 
with coronavirus infection (Mair et al, 1990). The demonstration of Cryptosporidium antibodies in 19/22 
horses in Scotland suggested Infection might be common (Tzipori et al, 1981), and immunocompetent 
foals with diarrhoea were found to have cryptosporidiosis (Lengronne et al, 1985). Cryptosporidium 
oocysts were demonstrated in all of 22 foals reared In a helminth free environment, 14 of which had 
diarrhoea, and in 8/57 thoroughbred, quarter horse and pony foals, but In the following year no cases 
were seen (Coleman et al, 1989). In a study of Cryptosporldium in Normandy, France, there were 
oocysts in 81% of 'Trotteurs Francais' mares, and 69% of their foals (Chermette et al, 1989). 
2.7.19 Cats. Cryptosporidium was first reported in Indian jungle cats (Dubey & Pande, 1963), but the 
organism described was too large to fit Into recognised species of Cryptosporidium, and was probably 
a sporocyst of a Sarcocystis sp. Cryptosporidium felis was reported in 5/13 asymptomatic cats with 
cryptosporidiosis (Iseki, 1979), and this Is now thought to be synonymous with arvum (Levine, 1984). 
Four coccidia free cats were fed 5X 10' oocysts mixed with canned fish. Endogenous stages were 
found throughout the small intestine, and were attached to the sides and tips of villa, but were not found 
in crypts, or in the lamina propria (Iseki, 1979). 
Cryptosporidium was found In 23/608 (3.8%) asymptomatic cats committed to an animal protection 
centre In Tokyo (Aral et all, 1990), and infection was more common In younger animals. Cryptosporidiosis 
was described In a cat infected with feline immunodeficiency virus (FIV), which was suffering from 
periodic episodes of diarrhoea, anorexia, depression, occasional weight loss, and dehydration 
(Monticello et al, 1987). A cat was experimentally Infected with oocysts of C. parvum from a calf 
(Pavlasek, 1983). C. muris Infection was produced In 1-2 month old cats experimentally Infected with 
oocysts from a rat, and excreted large numbers of oocysts for a long period (Iseki et al, 1989). 
2.7.20 Dogs. Cryptosporidiosis was found in a pomeranian pup which died with diarrhoea and 
laboured breathing (Wilson et al, 1983), In a cockapoo pup (Fukushima & Helman, 1984), and a husky 
pup (Turnwald et al, 1988), both of which had distemper and a depressed Immune system. Three further 
pups were found to be infected at postmortem, and In one of these the cause of death was thought to 
be pesticide poisoning (Sisk et at, 1984). Cryptosporldlosis was found in an adult dog with diarrhoea, 
malabsorption, and chronic lymphoplasmocytic enteritis (Greene et all, 1990). No oocyst excretion was 
found In 101 dogs examined In Edinburgh (Simpson et al, 1988), but a survey of 200 stray dogs In San 
Bernadino City showed 4/200 dogs passing Cryptosporidium oocysts (EI-Ahraf et at, 1991). 
Cryptosporidium was demonstrated In a labrador dog with mild gastrointestinal upset which may have 
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caused a human infection (Casemore, 1990). A study using indirect immunofluorescence showed 16/20 
(80%) of dogs had antibodies to Cryptosporidium (Tzipori & Campbell, 1981). Dogs were found to have 
a low susceptibility to infection with C. muris isolated in a rat (iseki et al, 1989). 
2.7.21 Mice were the host animals in which C. muris and C. parvum were first described (Tyzzer, 1907; 
1912), but laboratory mice are usually resistant to Infection with Cryptosporidium, except during the first 
two weeks of life (Sherwood et al, 1982). About a third of wild mice shed Cryptosporidium sp oocysts, 
without evidence of clinical Infection, and the oocysts were Infective for calves and mice (Klesius et al, 
1986). The mice began shedding oocysts at 6 days and shed oocysts for 12 days. The results Indicated 
that Cryptosporidium-Infected wild mice may be a source of cryptosporidiosis in susceptible calves. 
Immunosuppressed adult mice can be Infected (Heine et al, 1984), as can adult gnotoblotic mice (Harp 
et al, 1988), but mice treated with antibiotics were as resistant to infection as untreated adult mice. A 
study of 19 adult mouse strains showed only beige NK-cell deficient mice were susceptible to C. parvurnr 
(Enriquez & Stirling, 1991). Mice were found to be highly susceptible to infection with C. m ri Isolated 
from a rat (Isekl et al, 1989), and from a camel, but not from bovine Isolates (Anderson, 1991). 
2.7.22 Rats are similar to mice in their susceptibility to cryptosporidlosis, and have been Infected with 
oocysts from a variety of host species (Fayer & Ungar, 1986). An Isolate of C. muris was demonstrated 
in a brown rat (Rattus norvegicus), and used to infect other laboratory animals (Iseki et al, 1989). 
2.7.23 Guinea pigs develop enteritis, with shortening and thickening of the villi, and infiltration of the 
lamina propria with inflammatory cells (Jervis et al, 1966), and can cause outbreaks of infection In guinea 
pig colonies (Reid et al, 1988). The organism responsible was named C. wrair (Vetterling et al, 1971), 
A strain of Cryptosporidium found In the Guinea-pig (Cavia porcellus) was inoculated into mice and 
lambs, and the Infections produced were much lighter and more short lived than those of C. Darvum, 
whereas Inoculated Guinea pigs developed diarrhoea, or watery caecal contents (Angus et al, 1985). In 
81 Guinea pigs with diarrhoea detected in an animal diagnostic laboratory the common clinical signs 
of Infection were failure to gain weight, weight loss, diarrhoea, and death. The macroscopic findings at 
autopsy Included emaciation, hyperaemia of the small Intestine, serosal edema of the caecal wall, and 
increased fluidity of Ingesta throughout the intestines (Gibson & Wagner, 1986). Guinea pigs were 
susceptible to C. muris Isolated from a rat, but had a low susceptibility to Infection (Iseki et al, 1989). 
2.7.24 Rabbits have been shown to be susceptible to cryptosporidiosis since the first demonstration 
in the original description of arv (ryzzer, 1912). 
Spontaneous cryptosporidiosis was found in an adult female rabbit (Inman & Takeuchi, 1979), and In 
two apparently healthy rabbits (Oryctolaaus cuniculus), and was named Cryptosporidium cuniculus, but 
it is now thought to be synonymous with arv m (Rehg et al, 1979). Cryptosporidium was also 
demonstrated in a wild cottontail rabbit (Sylvilacus floridanus) (Ryan et al, 1986). Rabbits had a low 
susceptibility to C. muris isolated from a rat (isekl et al, 1989). 
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2.7.25 Ferrets have been shown to be commonly infected with Cryptosporidium, with over 40% of 
animals excreting oocysts In their faeces, but Infection is subclinical, and persists for weeks In both 
immunocompetent and Immunodeficient animals (Rehg et al, 1988). 
2.7.26 Raccoons were examined for the presence of Cryptosporidium oocysts, and 13% of animals 
were infected, mostly excreting moderate to large numbers of oocysts (Snyder, 1988). 
2.7.27 Other mammals. A large selection of other mammals, predominantly ruminants, have been 
shown to get cryptosporidiosis, including blackbuck, scimitar-horned oryx, fringe-eared oryx, addax, 
sable antelope (Van Winkle, 1985), mountain gazelle (Pospischil et al, 1987), nutria (Cotofan, 1982), 
squirrel, rhesus macaques (Kovach & White, 1972; Cockerell et al, 1974; Rodger & Bronson, 1983; 
Kovach & White), Japanese macaques, Pigtailed macaques, Longtailed macaques, baboons (Miller et 
al, 1990), and squirrel monkeys (Bryant et al, 1983). 
2.7.28 Cross transmission experiments Indicate that C. parvum isolates are Infectious to most 
mammals, but not to birds (O'Donoghue et al, 1987). C. wr irl Isolates are Infectious to Guinea pigs, and 
will Infect mice and lambs, but produce only mild infections In mice and lambs (Angus et al, 1985). 
C. muri has been demonstrated in the stomachs of mice (Tyzzer, 1907), rats (Iseki et at, 1989), cattle 
(Anderson, 1987), mountain gazelle (Pospischil et al, 1987), and a camel (Anderson, 1991), and a rat 
Isolate has been transmitted to cat, dog, mouse, Guinea pig (Iseki et al, 1989), but was not Infectious 
in an experimentally infected human (Iseki, personal communication). C. bail l was isolated In chickens 
(Current et al, 1986), and can infect turkeys (Lindsay et al, 1989; Current et al, 1986), and ducks and 
geese (Current et al, 1986), but did not infect quail, suckling mice, or goats. The site of inoculation In 
turkey pouits affects the site of Infection (Lindsay et al, 1987). C. bailevi was shown not to infect humans 
(Jantanavivat, 1989), but there has been a single report of Infection in an immunodeficient patient (Ditrich 
et at, 1991). 
C. meleagridis was first identified in turkeys (Slavin, 1955), and probably infects a number of birds, but 
oocyst excretion Is low (Bermudez et al, 1988), and cross transmission experiments have not been done. 
Quail isolates were not infectious for one day old chicks (Hoerr et al, 1986), but were Infective to 
chickens in another study (O'Donaghue et al, 1987), and Isolates from pheasants were also Infectious 
for chickens. Cross transmission experiments with isolates from fish and reptiles have not yet been 
attempted (Upton et at, 1989). It should be remembered that having the same host range does not 
necessarily mean that Isolates are the same species, and having slightly different host ranges does not 
exclude the possibility that isolates are variants of one host species. A review of cross transmission 
experiments in cryptosporidiosis 
shows most mammalian isolates of C. parvum will infect most mammals, but bird Isolates are more 
species specific (Fayer, Speer & Dubey, 1991). 
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3 Cryptosporidiology Is the study of Cryptosporidium, and In this chapter the laboratory techniques 
necessary for the examination of Cryptosporidium are examined. Three major developments have been 
important for the understanding of Cryptosporidium in the last thirty years. The first was the ability to 
examine samples by electron microscopy, and the second was the flexible fiberoptic endoscope which 
can be used to take small bowel biopsies, and which has been used to examine Infected patients. The 
third was the development of a range of Cryptosporidium specific stains which can be used to 
demonstrate oocysts in the faeces, and In particular the modified Ziehl Neelsen stain (Henriksen & 
Pohlenz, 1981), from which other staining methods were developed. 
j 
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3.1 Detection techniques Involving staining techniques, purification methods, and immunological tests, 
have been reported by a large number of investigators, -and the reliability of these techniques depends 
in part on the method, and In part on the experience of the investigator. 
3.1.1 Wet film preparations were shown to be of no use for the examination of unconcentrated faecal 
samples (Anwer et at, 1990), but can be useful for examining oocysts purified by flotation techniques, 
and can be counted using a glass counting chamber. Nomarski microscopy has been used to elucidate 
the life cycle of C. parvum in suckling mice (Current & Reese, 1986; Scaglia et al, 1991), and C. baileyl 
In chickens (Current et al, 1986). Phase contrast is a good technique for examining oocysts purified by 
Sheather's sugar flotation technique (Garcia et al, 1982). 
3.1.2 Iodine staining of polyvinyl acetate or alcohol preserved material allows oocysts to be 
differentiated from yeasts (Garcia et al, 1982; Garcia et al, 1983; Ma, 1983), with yeasts staining brown, 
and oocysts remaining colourless. Iodine staining was less sensitive than acid fast techniques for the 
demonstration of Cryptosporidium oocysts (Garcia et al, 1983; Anwer et al, 1990). 
3.1.3 Modified P. A. S. stain (Horen, 1983). This technique was used to demonstrate oocysts 
concentrated by sugar flotation. One drop of 0.5% periodic acid, and one drop of Schiff's reagent was 
added to a faecal suspension. Samples were left for 15 minutes at room temperature and examined wet 
at X 400. Oocysts were seen as 2-5 µm refractile non-staining objects, with yeasts, fungi, bacteria and 
organic matter stain reddish purple. 
3.1.4 Fuchsin film stain (Heine 1982) was used for demonstrating oocysts In the faeces of AIDS 
patients (Current, 1983). Smears were made on slides and mixed with Kinyoun's carbol fuchsin solution, 
air dried, and examined with aX 400 bright field microscope. Oocysts were colourless against an 
intensely red background. 
3.1.5 Auramine was first reported to be useful for detecting Cryptosporidium oocysts In a faecal 
sample from an AIDS patient (Payne et at, 1983), and was shown to be a good technique for screening 
faecal samples In immunocompetent patients (Nichols & Thom, 1984). Cryptosporidium oocysts can be 
clearly seen at X 100 magnification as yellow fluorescing discs against a dark background. Using oil 
immersion at X 1250, they have a characteristic appearance, showing a bright centre with inclusions and 
a pale halo. Auramine staining has been used for screening (Ratnarn et al, 1985; Reinthaler et al, 1989; 
Bretagne et at, 1990). Using auramine staining, Cryptosporidium oocysts were demonstrated in 52/183 
(28.4%) of exotic ruminants in San Diego Wild Animal Park (Heuschele et at, 1986), and auramine was 
also found to stain Elmerla spa. Auramine was used to demonstrate oocysts In chickens, a budgerigar, 
a macaw, a tundra swan (Ley et al, 1988), and in turkeys (Wages & Ficken, 1989). Storing faecal 
samples below 0°C was found to greatly reduce the auramine staining of oocysts (Smith et al, 1989). 
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3.1.6 Auramine fuchsin staining was developed to reduce the background staining seen with the 
auramine stain alone (Casemore et al, 1984). It was used for screening faecal smears from patients with 
diarrhoea (Casemore et al, 1985). Using an Incident light fluorescence microscope, slides can be 
screened at X100 magnification and Cryptosporidium oocysts appear as brightly fluorescent bodies 
against a dark red background. 
3.1.7 Modified Ziehl-Neelsen technique is an acid fast staining method using concentrated carbol 
fuchsin, decolourisation with acid alcohol, and counterstaining with Malachite green (Henriksen & 
Pohlenz, 1981). Cryptosporidium oocysts stain red against a green background. Increasing the staining 
time Increases the false positive results from yeasts, but Increasing the decolourisation gives many 
unstained oocysts. This technique has been widely used for screening faecal samples from humans 
(Isaacs et al, 1985; Pohjola et al, 1986; Jokipii & Jokipil, 1986; Mai Nguyen, 1987; Marshall et al, 1987; 
Lacroix et al, 1987; Simwa et al, 1989; Neira et al, 1989; Delfin et al, 1989; Loureiro et al, 1990), and 
animals (Pohjola et al, 1984). Cryptosporidium oocysts were detected using this technique In 471/4269 
(11 %) animals in Denmark (Henriksen & Krogh, 1985). 
3 . 1.8 Modified cold 
Kinyoun (Ma & Soave, 1983) used carbol fuchsin with 1% sodium tetradecyl 
sulphate (SDS), decolourised with 10% sulphuric acid, and counterstained with concentrated light green. 
The technique described was used by Ma et all (1984) to stain lung biopsy samples. The SDS was not 
used and the staining time was increased to 15 minutes when formalin fixed faecal samples were 
examined. Modified Kinyoun staining has been used for faecal screening, using direct smears (Berkowitz 
et al, 1988; Just et al, 1987), or with formol ether extraction (Elsser et al, 1986), or formalin-ethyl acetate 
extraction (Hamoudi et al, 1988). The Kinyoun technique was also used to diagnose respiratory 
cryptosporidiosis in tracheal Imprints from chickens (Latimer et al, 1988). 
3.1 .9 Rapid 
dimethyl suiphoxide modified acid fast stain (Bronsdon, 1984) Is similar to the modified 
ZN, but uses a carbol fuchsin solution containing dimethyl sulphoxide and glycerol, and an acetic acid, 
glycerol and malachite green decolourisation and counterstaining solution. Staining reactions are similar 
to those obtained with the modified Zieht-Neelsen technique. Patients were screened with this stain 
preceded by a modified Teleman-Miyagawa concentration step (Moretti et al, 1988). I have found the 
rapid DMSO technique gives better staining than the modified ZN, and it is surprising that Its use has 
not been reported more frequently. 
3.1.10 Safranin staining (Baxby D& Blundell N, 1983) Involves fixing slides in 3% HCI In methanol, 
staining in 1% safranin, heating to boiling, and counterstaining with 1% methylene blue. Cryptosporidium 
oocysts stain bright orange/red, usually with a clear halo, and are doughnut or crescent shaped, with 
a lighter staining centre. Safranin staining has been used for screening for Cryptosporidium oocysts In 
direct smears (Robinson et al, 1986; Carstensen et al, 1987; Hira et al, 1989), or after formol ether 
concentration (Kwaga et al, 1988). The safranin staining technique was shown to stain both sporulated 
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and unsporulated oocysts and sporocysts of Eimeria spp, Isospora s1212 and Sarcocystis spp (Markus 
& Bush, 1987). 
3.1.11 Modified Koster stain (Kageruka et al, 1984) contains saturated safranin mixed 2: 5 with 
saturated (5.6%) potassium hydroxide, and slides are differentiated In 0.1% sulphuric acid, and 
counterstained with aqueous malachite green. Cryptosporidia appear pale red against a green 
background, with internal structural details, probably representing sporozoites. 
3.1.12 Giemsa was one of the first staining techniques examined (Tyzzer, 1910), and smears were 
prefixed with osmic acid fumes. The appearance of the life cycle stages can be clearly seen in this 
paper. Cryptosporidlum oocysts stain pale blue with pink dots. This technique is useful for confirming 
positives but Is cumbersome for screening. 
3.1.13 Grocott-Gomori silver stain shows no staining with Cryptosporidium oocysts, but yeasts stain 
black, and this stain has been used for histological diagnosis (Grigolato et al,,. 1989). 
3.1.14 Modified Kohn's one step stain was shown to give a clearer view of oocyst morphology than 
the modified Ziehl Neelsen or Geimsa stains (Asahi et al, 1988). Sporozoites stained blue to blue-grey, 
and the oocyst wall stained dark green to black. ' 
3.1.15 Milacek's stain involves an aniline-carbol-methyl-violet stain and tartrazine (Milacek & Vitovec, 
1985). Cryptosporidia appear blue to blue-violet against a yellow to yellow-green background. 
3.1.16 4'. 6-diamidino-2-phenylindole and propidium iodide were used to stain Cryptosporidium 
oocysts (Kawamoto et al, 1987). These are vital stains, detecting whether cells are viable. Propidium 
iodide will not pass across intact membranes, and viable organisms should not stain. 4', 6-diamidino-2- 
phenylindole fluoresces when present in the cell cytoplasm. The nuclei of sporozoites stained bluish 
white, the residual body was blue or green, and the cytoplasm fluoresced red. A combination of 
fluorescein diacetate and propidium Iodide was used to test oocyst viability (Smith et al, 1990), and this 
combination was used to test the anticryptosporidial activities of synthetic lytic peptides on sporozoites 
(Arrowood et al, 1991). 
3.1.17 Trichrome staining has not proved useful for the detection of Cryptosporidium oocysts (Garcia 
et at. 1983; McNabb et al, 1985). 
31 18 Hemacolor staining was used for the rapid diagnosis of respiratory cryptosporidiosis (Ma et 
al, 1984). 
3.1.19 Nigrosin negative stain was used to demonstrate cryptosporidium oocysts, which were 
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colourless against a dark background (Pohjola, 1984). 
3.1.20 Methylene Blue/Eosin stain is one of the techniques described In the original description of 
m ri (Tyzzer, 1910). Cryptosporidium oocysts have a blue to purple centre with a clear, nonstaining 
halo, and the technique was used as a more rapid version of the Gelmsa stain (Redman et al, 1983. 
Cross & Moorhead, 1984). 
3.1.21 Sheather's sugar flotation technique has been used to demonstrate as well as concentrate 
Cryptosporidium oocysts (Garcia et al, 1982), and sucrose phenol flotation was also used to 
demonstrate atypical, osmotically fragile oocysts of what was reported to be C. fragilis (Baxby & Blundell, 
1988). 1 
3.1.22 Plastic embedding of biopsy material was shown to allow a more accurate diagnosis of 
cryptosporidiosis than paraffin embedded material (Ferrel & Beckstead, 1988). 
3.1.23 Indirect immunoflourescence was used to identify oocysts In faecal samples (Tsaihong & Ma, 
1984; Rusnack et al, 1989), and was as sensitive as auramine, and more sensitive than DMSO staining 
(Stibbs & Ongerth, 1986). It has also been used to demonstrate antibodies to arv m using sections 
of Infected mouse ileum (Campbell & Current, 1983), and using oocysts (Casemore, 1987). It has also 
been used to detect antibodies to C. balle i (Current & Snyder, 1988). 
3.1.24 Indirect MAB Immunofluorescence was used for screening faecal samples from patients with 
diarrhoea. 100% of samples which were positive by modified ZN, were positive by MAB, and there were 
additional samples which were not positive by modified ZN, but were positive by immunofluorescence 
(Garcia et al, 1987). 
3.1.25 Direct MAB immunofluorescence using a fluorescein isothiocyanate (FITC) labelled 
monoclonal antibody, was reported for the identification and detection of oocysts In faecal samples 
(McLauchlin et al, 1987), and was used for the demonstration of Cryptosporidium In histological sections 
(Nichols et al, 1988). 
3.1.26 Immunohistochemical staining of paraffin sections was used to demonstrate the predilection 
of cryptosporidia for the follicle-associated epithelium over Peyer's patches in early infections in calves 
(Landsverk, 1987). Respiratory cryptosporidiosis was confirmed by immunohistochemical staining of 
paraffin embedded autopsy lung tissue (Travis et at, 1990). A monoclonal antibody based 
immunoperoxidase technique for the detection of Cryptosporidium was reported (Nichols et at, 1988), 
and an immunohistochemical technique used a Cryptosporidium specific monoclonal antibody for 
demonstrating C. parvum in tissue sections (Bonnin et at, 1990). 
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3.1.27 Silver enhanced immunogold staining of paraffin sections of small bowel tissue was reported 
(Nichols et al, 1988). 
3.1.28 Scanning electron microscopy (SEM) shows the surface of infected epithelial cells covered 
with schizonts (Burden, D In: Tzipori, 1985), and was used to examine the excystation of rv m 
oocysts (Reduker et al, 1985a; 1985b): 
3.1.29 Transmission electron microscopy (TEM) using negative staining and thin section techniques, 
was used to visualise Cryptosporidium oocysts (Baxby et al, 1984). Difficulty in seeing oocysts in 
electron micrographs has been caused by the resistance of oocysts to formalin and glutaraldehyde 
fixatives, and resins, with the result that the oocyst centre is usually missing In micrographs (Chobotar 
& Scholtyseck, 1982). Hatching oocysts can be demonstrated more easily because the fixative and resin 
can penetrate through the oocyst suture (Reduker et al, 1985a). There are large numbers of published 
micrographs of the various life cycle stages, but the quality of these varies considerably, and is 
dependant on whether the material was unfixed for any length of time, and what fixative and support 
were used. 
3.1.30 Immuno-electron microscopy was used to demonstrate the site of attachment of a microneme 
specific monoclonal antibody (Bonnin et al, 1991). Immunogold electron microscopy of Cryptosporidium 
oocysts was reported, using an anti oocyst monoclonal antibody (Nichols et at, 1988). 
3.1.31 Freeze fracture was used to study the cell parasite interactions, and confirmed the intracellular 
position of Cryptosporidium (Marcial & Madara, 1986). 
3.1.32 Enzyme Immunoassay. A specific antibody response to Cryptosporidlum was demonstrated 
In Immunised rabbits, and ELISA was considered to be a good test for the diagnosis of cryptosporidiosis 
(Lazo et al, 1986). Enzyme immunoassay was also used to detect Cryptosporidlum antibody In human 
sera (Ungar, 1990), and was suggested as a useful technique for large scale epidemiological studies. 
In immunocompromised patients there was an early rise and fall in IgM, followed by a later elevation In 
IgG. Some patients with AIDS produced IgM, but all produced IgG. Another monoclonal antibody based 
EUSA compared well with flotation, but did not detect low numbers of oocysts (Robert et al, 1990), and 
an ELISA was used to measure IgG, IgM, and IgA antibody levels in serum, stool and duodenal fluid In 
15 Filipino children (Laxer et al, 1990). Antibodies to C-baileyl were detected in an EUSA, and used to 
monitor the development of resistance to infection In chickens, and In two studies 22% and 38% of 
broiler flocks had antibodies at 49 days post-hatch, and the best performing flocks had no 
Cryptosporidium antibodies, although positive Cryptosporidium serology did not correlate with poor 
performance, (Current & Snyder, 1988). An EUSA was used to detect antibodies to C. parvum in the 
colostrum of cows, but antibody titres of up to 10,240 were not effective In preventing infection (Harp 
et al, 1990). 
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3.1.33 Enzyme immunoassay of antigen was used to detect C. parvum oocysts in bovine faeces, and 
detected 3X 105 oocysts per ml of faeces, compared to 1X 106 per ml with acid fast faecal smears, and 
1X 103 per ml using indirect immunofluorescence (Anusz et al, 1990). An indirect double antibody ELISA 
technique, using goat and rabbit antisera, was able to detect oocysts In frozen human faeces, at levels 
of 5X 102 per ml or more (Ungar, 1990). This assay was 82.3% sensitive, and 96.7% specific. A 
monoclonal antibody based ELISA was used to detect C. parvum oocyst antigen in bovine faeces, and 
showed 96% agreement with flotation, but was unable to detect low oocyst numbers (Robert et al, 1990). 
3.1.34 Comparison of detection techniques has been carried out by several workers (Anwer et al, 
1990; Arrowood & Stirling, 1989; Banffer & Duifhuls, 1989; Baron et at, 1989; Beauvais et all, 1989; 
Gardner et al, 1985; Lazar et at, 1989; McNabb et al, 1985; Peeters et at, 1982; Perry et at, 1990; Pohjola, 
1984; Rose et al, 1989; Robert et al, 1990; Rusnak et al, 1989; Stibbs & Ongerth, 1986; Tsaihong & Ma, 
1984; Tsaihong & Ma, 1990; Willson & Acres, 1982). 
In general, histology Is less sensitive than stained faecal smears, and the use of a concentration 
technique increases sensitivity. Stained faecal smears can be used to detect oocysts down to a level 
of about 500 per gram, but In patients recovering from Infection, much lower numbers may be present. 
Safranin staining was found to be better than modified Ziehl Neelsen staining for screening for the 
presence of oocysts (Banffer & Duifhuis, 1989). 
Comparison of rhodamine-auramine, iodine stained wet preparation, and monoclonal antibody, showed 
the rhodamine auramine to be suitable for screening In a low prevalence population (Baron et al, 1989). 
Formol ether sedimentation with modified Kinyoun staining, and sucrose flotation techniques were 
compared (McNabb et at, 1985), but only 59% of all the positive samples were positive using both 
techniques. An Indirect immunofluorescent assay was compared with modified Ziehl Neelsen stain 
(Rusnack et al, 1989). Comparison of conventional and monoclonal antibody based methods showed 
40% of positives were detected by commercial acid fast stain, 94% by auramine-rhodamine, and 100% 
by a biotinylated monoclonal antibody indirect fluorescence method (Arrowood & Sterling, 1989). 
Monoclonal antibody based techniques are not well suited to mass screening of faecal samples, but can 
be useful for detecting oocysts In water (Smith & Rose, 1990). 
3.1-35 Crvptosporidium-like organisms (CLOs) have been seen In the faeces of cattle, In water, and 
occasionally in human faeces, and they can resemble C. parvum in modified Ziehl-Neelsen, and auramine 
staining (Casemore et al, 1985; Casemore, 1991). Such objects may be fungal spores, or other protozoa, 
and can usually be differentiated from C. rarvum by their size, Internal structure, and staining with 
monoclonal antibodies. 
31 36 Detection of oocysts in water is difficult, because when large volumes of water are examined, 
there can be a considerable amount of muddy material which will make it difficult to detect 
Cryptosporidium oocysts. There can be CLOs, which make identification difficult, and Cryptosporidium 
=which are not C. arvum may be present. There can be alterations to oocysts due to being in water 
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for a long time, and to the effects of chlorine (Smith et al, 1990). For examining water samples, MAB 
immunofluorescence followed by modified Ziehl Neelsen staining were recommended (Smith et al, 1989). 
171 
3.2 Oocyst purification ............................... ............. 173 
3.2.1 Graded sieves ....................................................... 173 
3.2.2 Differential centrifugation ............................................... 173 
3.2.3 Sugar gradient ...................................................... 173 
3.2.4 Percoll gradient ......................................... ...... ... 173 
3.2.5 Angiographine .............. ..... ................................... 173 
3.2.6 Membrane filtration ................................................... 173 
3.2.7 Glass beads .................. .... ........................ ... 
174 
3.2.8 Pentalodide resin ...................................................... 
174 
3.2.9 Filtration ........................................................... 
174 
3.2.10 Sporozoite purification ........... ...... ............ . ............. 
174 
3.2.11 Merozoite purification ................................................ 174 
172 
3.2 Oocyst purification The lack of an adequate system for the in vitro cultivation of Cryptosporldium 
Mg. has forced researchers to work on Cryptosporidium material Isolated from infected faeces or tissues 
(Kilani & Sekla, 1987). This material is usually obtained by isolation of oocysts using centrifugation 
procedures, although methods of producing purified merozoites have recently been developed (Bjorneby 
et al, 1990; Regan et al, 1991). For the purposes of diagnosis in animals and patients, the purity of the 
oocysts present Is not important, but the sensitivity of the detection technique is. This technique Is 
particularly useful In Immunocompromised patients, who may excrete oocysts In low numbers. 
3.2.1 Graded sieves have been used for removing the larger particles from faecal samples, and the 
sizes used were 315,200,125, and 63 µm (Perrine et al, 1990). 
3.2.2 Differential centrifugation has commonly been used to separate faecal debris from oocysts, 
and has also been used to remove red blood cells from samples (Regan et al, 1991). arv m oocysts 
are not significantly removed from suspension by centrifugation at 1000 g for 2 minutes. 
3.2.3 Sugar gradient centrifugation was used to separate Cryptosporidium oocysts from faecal debris 
(Heyman et al, 1986), and two sequential discontinuous gradients were used for the recovery of 
Cryptosporidium oocysts from calf faeces (Arrowood & Sterling, 1987). The advantage of sucrose over 
Percoll is its low cost, and it can be used In large amounts for the bulk preparation of oocysts from 
faeces. The disadvantage of sucrose is that it can cause osmotic distortion of oocysts if they are left in 
contact with the solution for extended periods of time (Baxby & Blundell, 1988; Upton et al, 1989). Using 
discontinuous sucrose gradients of three densities (1.18,1.09, and 1.02 g/ml), oocysts were found within 
the 1.09 g/ml band, along with contaminating bacteria (Luft et al, 1987). Oocysts were purified for 
diagnosis using sucrose flotation of oocysts purified in potassium dichromate (Willson & Acres, 1982). 
3.2.4 Percoll gradient and caesium chloride gradient centrifugation were used to produce purified 
oocysts and sporozoites (Waldman et al, 1986; Arrowood & Sterling, 1987; Kilani & Sekla, 1987). 
Isopycnic Perctpll was used, following two sequential discontinuous sucrose gradients, for the recovery 
of purified oocysts, sporozoites and oocyst walls (Arrowood & Sterling, 1987), and there was little 
bacterial contamination, and ý34% recovery of oocysts. Sixty-three percent of the original sporozoltes 
were recovered with 2.2% contamination by Intact oocysts and virtually no oocyst walls. Percoll gradient 
purified oocysts were considered suitable for nucleic acid studies, and caesium chloride purified oocysts 
were suitable for biochemical and Immunological studies, provided 'fresh' oocysts were used (Kilani & 
Sekla, 1987). 
3 . 2.5 AngioaraDhine 
(meglumine sodium amidotrizoate) was used following separation of oocysts on 
a discontinuous sucrose gradient. A discontinuous gradient of angiographine gave quicker, and better 
quality and yield than sucrose (Lyagoubi et at, 1991). 
3.2.6 Membrane filtration using a3 µm pore size polycarbonate membrane filter, was used on 
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sucrose purified oocysts to remove contaminating bacteria (Luft et at, 1987). With continuous stirring 
bacteria passed through the filter, and the oocyst suspension was microscopically free of bacteria and 
faecal debris. 
3.2.7 Glass beads were used in a column to further purify oocysts concentrated by sucrose density 
centrifugation (Heyman et al, 1986). 
3.2.8 Pentalodide resin disinfectant (resin-15), when packed in 1 cm diameter columns, was found to 
retain Cryptosporidium oocysts, with an estimated 100% retention over 26 cm, with electrostatic charge 
thought to be the main reason for retention (Upton et al, 1988). Oocysts retained their viability following 
contact with the resin. 
3.2.9 Filtration has been used to detect Cryptosporidium in water samples, and the protocol first used 
Involved the use of polycarbonate membrane filters, the filtration of 20 litres of water, and vibrating the 
filter deposit with 200 ml of distilled water. The sample was pelleted, clarified using a 40% potassium 
citrate density gradient, filtered through a 1.2 µm cellulose nitrate membrane filter, and stained with 
polyclonal antibodies (Ongerth & Stibbs, 1987). The oocyst recovery rate was 10% using this technique. 
A 250 mm polypropylene cartridge filter was used to filter larger volumes of water (100 to 1000 gallons), 
and material retained using this technique was recovered by cutting the filter open and washing using 
distilled water and I% sodium dodecycyl sulphate. From the spun deposit, oocysts were concentrated 
using sucrose at densities of 1.24 and 1.17 g/ml, and a cellulose nitrate filter with monoclonal antibody 
detection (Rose, 1988). The recovery using these techniques gave an overall recovery efficiency of 25- 
82% (Rose et al, 1986), this depending on the quality of water being examined. In river water the 
efficiency was 9.5%, and In tap water 59%, and the factors affecting the recovery rate included the 
volume sampled, the numbers of oocysts present, and water quality (Rose, 1988). A modification of this 
technique Is used by the water industry, and Public Health laboratories In Great Britain, to detect 
Cryptosporidium (DOE protocol for detecting Cryptosporidium oocysts in water). 
32.1O Sporozoite purification can comparatively easily be achieved by the excystation of purified 
oocysts, and their separation from oocyst walls using Percoll (Arrowood & Stirling, 1987). 
3.2.11 Merozoite purification has been achieved using differential and isopycnic centrifugation, and 
sporozoites and merozoites could be distinguished using transmission electron microscopy and 
monoclonal antibody staining (Bjorneby et al, 1990). Neonatal calves were killed 65 hours after 
inoculation with 10° oocysts, and the last 12 metres of the small bowel were sectioned into 10 cm 
portions, stirred vigorously with Hank's buffered salt solution, and centrifuged at 1800 g for 10 minutes 
to remove cellular debris. The supernatant was centrifuged at 4100 g for 30 minutes to sediment the 
merozoites. This was repeated, and 1 ml of the pellet was layered onto nine ml of Percoll (pH 7.4, 
density = 1.07 g/I), and centrifuged at 22,000 g for 35 minutes. Merozoites had an approximate density 
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of 1.064 g/ml. An Improvement of this method, using sieving of the tissue through a large strainer, gave 
a 3-5 fold Improvement In the yield of merozoites (Regan et al, 1991). 
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3.3 Tissue and egg culture is used for studying Intracellular parasites, and with Cryptosporidium 
Isolates could be important for the purpose of Isolating purified material, and for the maintenance of 
distinct isolates. Unfortunately none of the In vitro culture systems is currently suitable for this purpose, 
due to the limited yield from both tissue and egg culture, and to the variable success of the culture 
systems from day to day (McDonald, personal communication). In practice tissue culture, and egg 
culture are useful for screening candidate anti-cryptosporidial agents, but animal culture Is required for 
bulk parasite production and culture maintenance. 
3.3.1 Chick embryo chorioallantoic membrane culture of C. parvum was first described In 1983, using 
10 day old Hubbard broiler, or White Leghorn chicken embryos maintained at 37°C. Oocysts were 
purified from calf, goat, and human AIDS patient faeces, using Sheather's sucrose flotation technique, 
and oocysts were washed In phosphate buffered saline containing penicillin, streptomycin, and 
amphotericin-B for 12 hours at 37°C to kill microbial contaminants. Oocysts were excysted, and 150,000 
sporozoites were inoculated Into the allantoic cavity, the chorion, or Intravenously. The allantoic route 
was the only one resulting in complete development of the three Isolates, and the developmental stages 
were similar to those seen in mice (Current & Long, 1983). C. baileyl grows well In chick embryos, 
developing through the entire life cycle, and producing viable oocysts, and will develop In the embryos 
of eight other avian species (Lindsay et al, 1988). Oocysts recovered from egg cultures were pathogenic 
for 2-day old broiler chickens, and 4-day old turkeys. 
3.3.2 Human foetal lung cells (HFL) were Infected with oocysts of a human derived isolate that had 
been grown In goats, and the sample preparation was the same as that for the chick egg culture. The 
cell cultures were grown on plastic cover slips in Leighton tubes. After inoculation of the sporozoltes, 
and incubation for 4 hours at 37°C with 5% C02, the cultures were washed In maintenance medium at 
37°C with 5% CO2. There was complete development from trophozoite, which first appeared at 4 hours, 
through type 1 meronts at 12 hours, type 2 meronts at 24 hours, macrogametes and microgametocytes 
at 48 hours, and oocysts at 72 hours. The development was similar to that seen in mice, but from days 
4 to 8 there was a reduction in the number of parasite stages, with a disappearance of type 1 and 2 
meronts by days 5 and 7 respectively (Current & Haynes, 1984). 
3.3.3 Primary chicken kidney cells (PCK) were capable of supporting the growth of rv m, but 
the number of parasites developing in these cells was less than in HFL cells (Current & Haynes, 1984). 
C. baile i was not able to be cultivated in primary avian or mammalian cell cultures (Undsay et al, 1988). 
3.3.4 Porcine kidney cells (PK-10) were capable of supporting the growth of C. parvum, but the 
number of parasites developing in these cells was less than in HFL cells (Current & Haynes, 1984). 
3.3.5 Int 407 cells were used to examine the effect of lectins on sporozoite penetration of cells (Kuhls 
et al, 1991). 
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3.3.6 Mouse fibroblast cells (L929) were used to test anti-cryptosporidial compounds, and the 
Cryptosporidial growth detected was primarily asexual (McDonald et al, 1990). Twenty antimicrobial 
agents were examined for their ability to prevent parasite growth, and monensin and halofunginone were 
the two most active drugs, although with monensin the Inhibitory effect was due In part to the toxic effect 
of the drug on the cell culture. 
3.3.7 Mandin Darby canine kidney cells (MDCK) are highly polarised cells, and the number of 
Intracellular parasites was highly correlated with the number of sporozoites inoculated. Trophozoites 
were observed at six hours, first generation meronts at 12 hours, and microgametocytes and 
macrogametes were seen at 42 hours. Oocysts were present at 72-96 hours, but there were no fully 
sporulated oocysts (Gut et al, 1991). 
3.3.8 CaCO2 cells were examined for their ability to support the growth of arvm. With this system 
oocysts were detectable In the supernatant of the tissue culture medium (Lyagoubi et at, 1991). 
3.3.9 HT29 cells, an adherent human intestinal epithelial cell line, was used to detect the effect of 
antimicrobial agents on C. parvum asexual multiplication, and the effect of heating and colostrum on 
oocysts, before their inoculation into tissue culture (Flanigan et al, 1991). 
3.3.10 Criteria affecting in vitro culture. The attachment of Cryptosporidium sporozoites to MDCK 
tissue culture cells was shown by electron microscopy (Lumb et al, 1988). The effect of carbohydrates 
and lectins on the attachment of sporozoites to Int 407 cell lines was studied by examining cells after 
12-18 hours (Kuhas et al, 1991). Wheat germ agglutinin reduced sporozoite penetration by 50% when 
either cells or sporozoites were pretreated, and Concanavalin A enhanced schizont formation by 200%, 
when the Int 407 cells were pretreated, but not when the sporozoites were. 
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3.4 Animal models of crvatosporidiosis. Attempts to develop animal models of cryptosporidiosis have 
concentrated on a number of aims. As an Intracellular organism, Cryptosporidium cannot be cultured 
in vitro, except In tissue culture (Current & Haynes, 1984). Early animal experiments were useful In 
providing experimental material as well as demonstrating the host range of Isolates, and pathologic 
features of the disease (Tziporl, 1985). More recently, attempts to produce a good animal model of 
human cryptosporidiosis have concentrated on Infecting Immunodeficlent or Immunosuppressed animals, 
that mimics the disease In AIDS, and developing a model in Immunocompetent animals which Is similar 
to the disease In healthy people. A particular aim has been to produce a model of cryptosporidiosis In 
mice, because of the wealth of knowledge about, and techniques for examining, their Immune response 
(Current & Bick, 1989). An easily reproducible model is also required for the testing of anticryptosporidial 
agents (Blagburn et al, 1989). For direct immunosuppression of animals, steroids (hydrocortisone 
acetate, dexamethasone, and methylprednisolone) have been used as nonspecific depressants of the 
Immune system, as they have a wide range of biological effects. Cyclophosphamide (a cytotoxic 
alkylating drug which damages DNA and interferes with cell replication) has been used to selectively kill 
the rapidly dividing cells of the immune system. More specific targeting of T-cells has been achieved by 
the use of specific monoclonal antibodies against T4 and T, cells, or by the use of athymic animals. The 
use of Infant and gnotobiotic animals takes advantage of their Immunologically naive status, as does the 
use of protected sites like conjunctiva and uterus. 
3.4.1 Adult wild mice were easily Infected with oocysts from calves and other mice (Kiesaus et al, 
1986), but adult laboratory mice are resistant to infection (Sherwood et at, 1982). Antibiotic treated adult 
mice are more resistant to Infection than gnotobiotic ones (Harp et at, 1988). 
3.4.2 Suckling mice (common mice) were infected with C. m ri derived from Japanese Waltzing mice 
(Tyzzer, 1910). Parasites were demonstrated in the gastric glands, causing their dilation In heavily 
Infected animals, and there were raised levels of lymphoid cells, but no acute inflammation. All of eight 
mice strains tested were susceptible to oocysts from Cryptosporidium grown in calves arvm , and 
were shown to develop a transient Infection with no detectable clinical Illness (Sherwood et al, 1982). 
Histology and oocyst shedding in four-day old SPF mice showed mild to heavy infection from days 6-11 
post infection, with mild Infection on days 5 and 12-16. In 21-day old mice only mild infection In some 
animals could be detected at days 7-11. This suckling mouse model was used to demonstrate the 
reduction In Infectivity of oocysts in various solutions at 4°C (Sherwood et al, 1982). Oocysts of human 
and calf origin were shown to initiate heavy infection in one day old mice and rats necropsied six days 
post Infection (Reese et al, 1982). Ernest et all (1986) used suckling mice to determine the ID50 of 
Cryptosporidium oocysts, finding It was between 500 and 1000. There was a prepatent period of 4 days, 
with a mean period of oocyst shedding of 9.3 days. Infection was equally heavy in mice infected with 
100 or 1000 oocysts. In an elegant light and electron microscopic study of three Isolates of 
Cryptosporidium from calf and human infections, no differences could be found in their development 
(Current & Reese, 1986). In a study of neonatal mouse susceptibility, animals infected at 4 days of age 
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were susceptible, and were infected until 25 days of age. Some neonatal mice became resistant to 
Infection at 10 days of age, and all were resistant at 14 days (Novak & Sterling, 1991). Two to 20 day 
old mice were Infected with 2500-5000 oocysts of C. muris like organisms from a camel, but Infection 
could not be induced with C. muris like organisms from cattle (Anderson, 1991). 
3.4.3 Immunosuppressed mice have been examined in a number of studies. Sherwood et al (1982) 
showed no Infection In 21 day old mice Immunosuppressed with cyclophosphamide. 
3.4.4 Athymic (nude) mice were shown to develop infection when inoculated at a few days old 
(Sherwood et al, 1982), and Heine et al (1984) showed that infection persisted and was characterised 
by diarrhoea and occasional death, with villus atrophy, and crypt hyperplasia In the small Intestine, and 
diffuse mucosal hyperplasia and crypt abscesses In the large Intestine. Infection lasted for eight weeks 
compared to four In white mice, and the degree of Infection was greater. Adult athymic mice were 
Inoculated with 107 oocysts, on two successive days, at 6 to 10 weeks of age, and showed no significant 
clinical abnormalities for the first three weeks after infection (Ungar et al, 1990). Subsequently there was 
dehydration, weight loss, jaundice, poor skin turgor with dry flaky skin, and bulky, fatty, diarrhoeic stools. 
The Infection was progressive, and usually fatal within four months. Some animals had infections of the 
hepatobiliary tree, and pancreas. Infection was resolved following the administration of histocompatible 
lymphoid cells from mice which were immune to Cryptosporidium. The use of monoclonal antibodies 
to treat C. parvum was tested in athymic mice, and reduced the numbers of organisms present in the 
gut (Perryman & Bjorneby, 1991). 
3.4.5 T-cell subset depleted mice were produced by treating neonatal BALB/c mice with anti-CD4, 
or antl-CD4 and anti-CD8 monoclonal antibodies (Ungar et at, 1990). Chronic Infections were produced 
which resolved following the withdrawal of antibody treatment. 
3.4.6 Severe combined immune deficient (SCID) mice were infected orally with 104 oocysts of 
C. parvum, and used to Investigate the effect of reconstituting cellular immunity using bone marrow cells, 
spleen cells, and thymocytes obtained from uninfected BALB/c mice. 
3.4.7 Adult beige NK cell deficient mice (C57BL/6J-bg') were found to be the only strain of 19 adult 
mice that could be infected with C. parvum, although the infections were not as heavy as those seen in 
neonatal mice (Enriquez & Sterling, 1991). 
3.4.8 Intrauterine Infection In mice was Induced in 50% of experimentally Infected adult female 
BALB/c mice, following uterine injection or cervical Inoculation. The model appears to be useful in 
studying phagocytlc uptake of cryptosporidia (Liebler et al, 1986). 
3.4.9 Guinea pigs (Hartley & Walter Reed strains) develop a chronic enteritis caused by 
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Cryptosporidium when bred in captivity, and Jervis et al (1966) used this model to examine the 
pathology of cryptosporidiosis. There was a reduction in the activity of epithelial and macrophage 
enzymes, and Infection was reduced in animals starved for four days. Infection was accompanied by 
shortening and thickening of the villi, and infiltration of inflammatory cells into the lamina propria. 
3.4.10 Adult Immunosuppressed hamsters have been shown to shed oocysts following 
hydrocortisone acetate administration and Infection with 2X 103 oocysts per g of body weight (Rossi 
et all, 1990). Infection lasted for two weeks, and oocyst excretion during this period was between 108 and 
5X 107 per g. None of the animals exhibited diarrhoea, but there was a 20% mortality. 
3.4.11 Hydrocortisone acetate Immunosuppressed rats (Sprague-Dawley) which were fed a low 
protein diet for nine weeks, shed oocysts after 2-9 days following oocyst challenge, and developed a 
persistent Infection for more than 38 days (Brasseur et al, 1988). Subsequent challenges gave less 
excretion, Indicating that a degree of immunity had developed. 
3.4.12 Cyclophosphamide Immunosuppressed rats were Inoculated with 104 oocysts and 80% of 
animals were Infected after 18 days (Rehg et al, 1987). Both oocyst excretion, and organisms per villus, 
Increased with the duration of Infection. There were mild to moderate reductions In the intestinal 
villus/crypt ratios compared to control animals, but there was no significant correlation between 
villus/crypt ratios and degree of Infection. 
3.4.13 Dexamethasone immunosuppressed rats were developed to examine active and latent 
infection (Rehg et al, 1988), and were used to test anticryptosporidial agents (Rehg & Hancock, 1990). 
An oral dose of dexamethasone was given for seven days before administration of 103-106 oocysts. 
Oocysts were demonstrated In faeces In 90-100% of animals by day 10. Withdrawal of dexamethasone 
resulted in a rapid clearance of infection. Retreatment after 6,8,10 and 24 weeks showed nearly half 
of animals shed oocysts, indicating reactivated latent Infection, up to 10 weeks after the primary 
infection, but no oocyst shedding at 24 weeks. 
3.4 . 14 Methyl prednisolone acetate 
immunosuppressed Lewis rats were used to develop a model 
of respiratory cryptosporidiosis (Meulbroek et al, 1991). 
3.4.15 Gnotobiotic calves monoinfected with Cryptosporidium oocysts developed depression, 
weakness, anorexia, and diarrhoea (Heine et al, 1984). They showed epithelial colonisatlon in the 
duodenum, jejunum, ileum, caecum, and spiral colon, and there was villus stunting and crypt 
lengthening over most of the small intestine. 
3.4.16 Gnotoblotic lambs were used to compare the pathological features of infections with 
Cryptosporidium, Rotavirus and Escherichia coli 08: K87: K99 ST+ (ETEC) (Tziporl et al, 1981). Six-day 
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old lambs Inoculated with oocysts became extremely depressed, anorexic, and had Intermittent 
diarrhoea. There was a marked reduction in milk intake two days after Inoculation, and lactase activity 
was reduced compared to uninfected controls, and lambs Infected with ETEC or Rotavirus. Lambs were 
clinically resistant to Rotavirus and ETEC at 4 days old, but were susceptible to Cryptosporidium up to 
at least 6 days old. 
3.4.17 Suckling or colostrum deprived foals up to 10 days of age had asymptomatic infections 
following inoculation with calf cryptosporidia (Tzipori, 1983). 
3.4.18 Gnotobiotic and SPF pigs were infected with alcohol decontaminated and antibiotic treated 
oocysts (Tzipori et al, 1982c), and infection induced severe enterocolitis in one day old piglets, moderate 
diarrhoea In seven day old piglets, and subclinical Infection in animals over 15 days old. In piglets less 
than three days old, the entire Intestine was heavily Infected and the mucosa severely damaged. Animals 
over seven days of age showed only scanty infection In the upper small bowel, but heavy Infection In 
both the ileum and large bowel. Infection was associated with a reduction In intestinal lactase. Argenzio 
et al (1990) used one day old pigs kept in Isolation to examine the pathophyslology of cryptosporidiosis. 
During Infection there was villus atrophy, crypt hyperplasia, cellular infiltration, reduction in villus surface 
area, reduction in the number of enterocytes per villus, and reduction In enterocyte height and cross 
sectional area. There was a complete Impairment of glucose stimulated Na' and water absorption in 
both the jejunum and Ileum, but absorption in the absence of glucose was not affected. 
3.4.19 Conjunctival infections in neonatal pigs were Induced by Inoculation of oocysts onto the 
conjunctival sacs (Heine et al, 1984). Infection was characterised by focal destruction of epithelial cells. 
This experimental infection probably mimics the natural conjunctival Infections seen in a peacock (Mason 
& Harley, 1980), and a duck (Mason, 1986). 
3 . 4.20 Tracheal 
infection in neonatal pigs was induced by Inoculating through the glottis, onto the 
mucosa in the cranial trachea (Heine et al, 1984). The epithelia were damaged, due to destruction and 
loss of ciliated epithelial, goblet, and Intermediate cells, resulting in a preponderance of basal epithelial 
cells, and an infiltration of inflammatory cells. This mammalian model may be useful in examining the 
pathogenicity of natural respiratory cryptosporidiosis In turkeys (Hoerr et all, 1978; Ranck, 1979), 
chickens (Dhillon et all, 1981), peacock (Mason & Hartley, 1980), pigs (Schloemer, 1982, Tziporl, 1983), 
and humans (Mele et al, 1983). 
3.4.21 Primates have been shown to develop an illness which Is in most respects Identical to human 
cryptosporidiosis. Miller et al (1986,1990) showed acute cryptosporidiosis In 81/157 infant primates, 
predominantly pigtailed macaques (Macaca nemistrina), in a primate research centre, and developed 
this to produce an animal model of the human disease In immunocompetent individuals (Miller et al, 
1990). Infection could be achieved using an infective dose of 2X 105 or 10 oocysts administered using 
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a nasogastric tube. The enteritis started 7-10 days after infection, and lasted for 5-10 days. Infection 
induced protection against the disease symptoms following reinfection, but 3/4 animals showed transient 
oocyst excretion during the period 10-35 days after Infection. The administration of methyiprednisolone 
did not affect the clinical course of infection or oocyst excretion. Other nonhuman primates showing 
clinical disease, include: 
Longtailed macaques M. fascicularis Miller et al, 1990 
Japanese macaques M. fuscata Miller et al, 1990 
Baboons Papio cynocephalus Miller et al, 1990) 
Rhesus monkeys M. mullata Cockerell et al, 1974 
Rhesus monkeys M. mullata Rodger & Bronson, 1983 
Kovatch & White, 1972 
Squirrel monkeys Saimirl sciureus Bryant et al, 1983 
3.4.22 Chickens infected with Marek's disease virus were shown to develop clinical 
cryptosporidiosis, with anorexia and wasting, and permanent oocyst shedding, leading to death (Nacirl 
et al, 1988; 1989). In addition to Marek's Disease Virus (MDV) Inducing chronic Cryptosporidium 
infection, the cryptosporidiosis causes Marek's disease to progress earlier and faster than chickens with 
Marek's disease alone. 
3.4.23 Chickens infected with Infectious Bronchitis Virus (IBV) and C. balle i developed a more 
severe respiratory Infection than those infected with either alone (Blagburn et al, 1991). 
3.4.24 Biliarv cryptosporidiosis in chickens was studied by inoculation of 2x 105 Cryptosporidium 
bail i oocysts (AU-B1 Isolate) into the gall bladders of 6-day old broiler chickens. Three of the 10 
chickens developed biliary tract infections, based on histologic examination of tissue sections, but there 
were no clinical signs of disease. Epithelial hyperplasia and Infiltration of the underlying connective tissue 
with mononuclear leukocytes, was seen in the gall bladders, and one of the birds also had involvement 
of the hepatic bile ducts. The bile ducts were mildly dilated and contained lesions similar to those seen 
in the gall bladder. Cryptosporidia were present in varying numbers In the gall bladders and bile ducts 
of infected birds. Chickens may be useful for studying biliary cryptosporidiosis, which Is commonly 
encountered In people with AIDS (Hatkin et al, 1990). 
3.4.25 What models are useful 
Most of the animal models that have been tested have shown some useful features. As a model of HIV, 
Infection the T-cell depleted mouse (Ungar et at, 1990) holds promise as a useful model of disease In 
HIV infection, because adult mice can be used to study the relative Importance of cellular and humoral 
immunity, flora, and genetics. The development of immunomodulating viral models (chicken MDV) 
provides more useful Information about the Immunology of cryptosporidiosis In AIDS. For bulk 
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production of parasites, the gnotobiotic calf and lamb are useful, and pure oocysts can be produced 
at a cost of X1000 for 108 oocysts, or 105 per 1. A good model of symptomatic disease in 
immunocompetent adult humans is not yet available, but neonatal lambs, pigs and macaques represent 
reasonable models of human cryptosporidiosis in children. 
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Figure 3.4.1 Animal models of cryptosporidiosis 
Adult Volume Respirato C. muris C. parvu C. melea C. baileyl AIDS 
Immunocompet parasite ry m gridis 
ent production 
Suckling mice ++ 
Adult wild mice + + 
Athymic (nude) mice + 
T-cell depleted mice + 
SLID mice + 
Beige NK deficient 
mice 
Intrauterine mice + 
Adult guinea pigs + + 
Adult + 
immuosuppressed 
hamsters 
Hydrocortisone rats + 
Cyciophosphamide + 
rats 
Dexamethasone rats + 
Neonatal pigs + 
Neonatal pig trachea ++ 
Neonatal pig + 
conjunctiva 
Gnotobiotic pigs + 
Gnotobiotic calves ++ 
Gnotobiotic lambs ++ 
Neonatal foals + 
Chick chorio- + 
allantoic membrane 
Chickens with - 
Marek's disease 
virus 
Chicken with IBV - 
Infant macaques + 
+ 
+ 
+ 
++ 
+ + 
+ 
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4.1. Rationale for study. At the start of this thesis, cryptosporidiosis had only recently been recognised 
as a disease of immunocompetent as well as immunodeficient people. This study was designed to 
examine the biology and epidemiology of Cryptosporidium by determining the Incidence and prevalence 
of infection within the community, and by developing methods for typing clinical Isolates. Clear 
Information was required on the distribution of cryptosporidiosis within the community, together with 
details of possible routes of transmission, sources of infection, and risk factors. Cryptosporidium is a 
common animal pathogen, and the Importance of zoonotic infection remained unclear. For the purpose 
of examining the sources and modes of transmission of Cryptosporidium it was difficult to get reliable 
epidemiological information on anything other than individual cases, or large scale local outbreaks. If 
there were cases nationwide from a common source it would be difficult or impossible to trace these. 
For this reason it was thought useful to examine ways of differentiating isolates, so that organisms could 
be traced to their sources, and to determine the extent of zoonotic infection in humans. There was an 
Implicit assumption in the literature that all human cryptosporidiosis was caused by C. parvum, and 
differentiation of isolates would test this idea. 
4.1.1 Why Cryptosporidium is important. Attitudes to Cryptosporidium have changed within the last 
ten years, from It being regarded as an obscure, if somewhat Interesting, protozoan parasite, Into a 
widely studied pathogen of man and animals, and an Important risk to public health, particularly In 
developing countries. As with other Infectious diseases, the parasites have biochemical effects on the 
host, on the cells in which they are growing, on the animal they are Infecting, as well as national 
consequences. 
4 . 1.2 New diarrhoeal 
disease. Cryptosporidiosis has rapidly been accepted as a 'New Disease' 
(Casemore et al, 1985), and Is now widely recognised as a common cause of diarrhoea. The organism 
Is an obligate intracellular parasite, Is not commensal, and the low incidence of asymptomatic Infection 
in developed countries suggests that its association with disease Is genuine. The higher Incidence of 
asymptomatic infection in developing countries indicates ., 
that constant exposure to infection may 
play a role In stimulating immunity to disease. The Information on symptoms, signs, and clinical 
progression of Infections, has Increased, together with an improving understanding of the patho- 
physiology. 
4.1.3 Widespread occurrence. The demonstration of widespread environmental contamination with 
oocysts of Cryptosporidium, and the worldwide occurrence of infection, shows the organism Is common, 
and probably affects most people, and animals, at some time during life. The situation Is similar in some 
ways to the distantly related Toxopiasma gondii, where a significant percentage of the population 
develop antibodies to the organism. 
4.1 .4 Resistance to 
drugs and Chemicals. The inability of current drugs to prevent the growth of, and 
treat infections caused by, Cryptosporidium, is a problem in a disease which is as common as 
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cryptosporidiosis. The chronic and fife-threatening nature of cryptosporidiosis In AIDS makes the need 
for effective chemotherapy more acute, particularly in developing countries. The biochemical, 
physiological and Immunological understanding of Cryptosporidium Infections will contribute to the 
search for effective anti-cryptosporidial agents. The resistance of oocysts to chlorine has meant that 
there Is an Increasing interest in this organism In potable water supplies, as chlorine Is extensively used 
as a decontaminant, and Is sometimes the only treatment the water gets. 
- %_! 
4.1.5 Unusual biology. The unusual location of this protozoan as an Intracellular but extracytopiasmic 
parasite makes it a fascinating organism to study, and its monoxenous, euryxenous lifecycle means that 
it can be studied in a variety of animal models. 
4.1.6 Non cultivable enteropathoaen problem. There are a large variety of enteric pathogens, or 
candidate enteric pathogens, and some are not easily cultivable. These Include Giardia - lamblia, 
Mycobacterium pseudotuberculosis, Bacillus piliformis, Whipple's bacillus, Enterocytozoon bieneusi, and 
Isosoora bella. The Inability to culture these organisms easily has hindered study of the pathogenesis of 
the diseases they are associated with, and made typing difficult, and routine detailed epidemiology less 
easy. Techniques are required for detecting, characterising and typing these organisms, and knowledge 
gained in examining possible methods of typing Cryptosporidium may be useful In tackling these and 
other organisms. 
4.1.7 AIDS. The enormous Increase in AIDS over the last nine years, constituting a worldwide 
pandemic, has brought a variety of parasitic, fungal and viral Infections Into focus as causes of 
'opportunistic Infections'. In this group Cryptosporidium is not as common as Pneumocvstis carinil or 
Candida albicans, but Is a chronic and life threatening Infection which does not have an adequate 
treatment regimen. In African countries with a high Incidence of HIV infection, and a high level of 
exposure to Cryptosporidium oocysts, cryptosporidiosis can be an important cause of early death. 
4.1.8 Waterborne Infection. Several large outbreaks of cryptosporidiosis have been attributed to 
drinking and recreational water (Smith & Rose, 1990; Anon ,, 1990). The resistance of 
Cryptosporldium oocysts to chlorination, which is one of the main decontaminating processes used in 
the water industry, means that new methods of water treatment need to be examined, and the low 
infective dose means that sensitive techniques are required to detect low numbers of oocysts from 
source waters, and domestic drinking water supplies. 
4.1.9 The value of typing and speciation. Speciation and typing methods for microorganisms rely 
on differences in morphology, antigenicity, biochemistry, biology, resistance, pathogenicity, and genetics. 
Sensitive means of differentiating between species rely 'on characters which are sufficiently stable and 
discriminatory to reliably and reproducibly characterise isolates, whereas the characters used for typing 
are generally more labile, because variability within a population is required to make the typing scheme 
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useful. In bacteriology, antigenic and biochemical tests have been useful for spectating and typing 
salmonellae, shigellae, vibrios, yersinias, and aeromonads. For Entamoeba histolytica, Giardia lamblia 
and Eimeria sap f zymograms have proved useful, but have not been successfully applied to 
Cryptosporidium Isolates. 
Enteric pathogens have been typed since the early days of microbiology, and more detailed typing 
allows greater knowledge of the organism, and its associated diseases and epidemiology. As more 
Isolates are examined, they are split Into types, subspecies, species, and even genera. An example of 
this are the Campylobacters, which were first known as causative agents of bovine and ovine abortion 
(McFadean & Stockman, 1913; Smith & Taylor, 1919). Since the Isolation of C. e uni In patients with 
diarrhoea, over 16 other species have been isolated. 
4.1.10 Typing and speciation techniques. A variety of features can be used in typing cultured 
organisms (Table 4.1), but when attempting to type using material extracted directly from faeces, very 
few of these techniques are applicable. 
Table 4.1 Methods used for the typing and taxonomy of microorganisms 
Mor hop loav 
Ultrastructure 
Appearance 
Biol 
Cultural characteristics 
Host susceptibility 
Life cycle 
Biochemistry 
Enzymes present 
Products produced 
Structural molecules 
Antigenic 
Antibody and MAB detection 
Antigen detection 
Lectin binding 
Resistance 
Antibiotics 
Chemicals 
Viral Infection 
Bacteriocines 
Genetic 
Chromosome size 
Chromosome number 
RFLP analysis 
Gene probes 
rRNA sequences 
Gene Isolation 
t 
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4.1.11 Initial approach to the problems. Cryptosporidium, since its first recognition (Tyzzer, 1907), 
has been demonstrated In most vertebrate phyla, with over 20 species being described (Current, 1986). 
When the organisms which are obviously not Cryptosporidium, like C. crotall, C. ctenosaurius, 
C. lampropeltis, and C. vulpis, are excluded from the list, a large number of species still remain, and 
Tzlpori et al (1980) suggested that these represented a single species. Others (Current & Haynes, 1986) 
showed that there are at least three defined species on the basis of oocyst size and species cross 
transmission experiments, but these results are still limited by the absence of good In vitro tests to 
distinguish species. 
The aim of this thesis was to examine various aspects of Cryptosporidium, and to look at In vitro 
systems which might be utilised for typing isolates Into groups or species. Of great Initial interest was 
the ability to Isolate and grow Cryptosporidium in vitro from patients and animals, in order to be able 
to work with defined and purified material. At the start of the thesis there were two In vitro methods for 
growing Cryptosporidium, and these were examined. Egg culture was reported by Current & Long (1983) 
to be able to support the entire life cycle of Cryptosporidium Isolated from humans and calves, and two 
experiments were done to try to detect growth of human cryptosporidium Isolates In hen's eggs. In the 
first experiment I visited the Institute of Animal Health, at Houghton, and, with the help of Martin Shirley, 
inoculated eggs with both a human, and a chicken Isolate. The chicken Isolate showed good growth in 
the CAM, but the human strain was not detected. Further human Isolates were Inoculated into eggs, and 
these also failed to develop. At this stage it was decided to abandon this technique because it was 
unlikely to be a useful way of providing material for typing purposes. A second culture technique, using 
tissue culture, was more promising on paper (Current & Haynes, 1984) than I was able to demonstrate 
in practice. The use of tissue'culture was promising because it meant that clinical Isolates could be 
compared In vitro using biochemical and immunological tools. In practice the technique, though used 
successfully by McDonald et al (1990) to screen potential drugs, is limited because the inoculum used 
to infect the cells is greater than any material which can be extracted. This limitation, while of small 
relevance to antibiotic studies because of the availability of large, calf derived samples of oocysts, is very 
important when in practice only small samples from infected patients and animals are available. For this 
reason tissue culture was not pursued, and non cultural techniques were investigated. 
4.1.12 The subsequent approaches to developing a means of typing isolates involved microscopy, 
the examination of lectins, the use of GC: MS for the examination of long chain fatty acids, monoclonal 
antibodies, and western blotting. 
Lectin agglutination and fluorescence were examined to see if there was specific binding which could 
be used in typing. GC: MS was used to see if there were any unusual long chain fatty acids which could 
be used as markers. The use of Cryptosporidium specific monoclonal antibodies showed species 
specific, and genus specific reactions. The genus specific monoclonal was then used to stain western 
blots prepared from the antigen extracts from clinical isolates. Polyacrylamide gel electrophoresis and 
immunobiotting (Western blotting) were used to examine antigens from human and animal derived 
oocysts. Techniques of blot staining were examined, and an experiment was performed to determine 
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the optimum means of oocyst antigen extraction. Stability of the antigen detected by monoclonal 
antibody was determined by examining oocysts stored for varying periods of time. The site of 
monoclonal antibody binding in oocysts was determined using immuno-electron microscopy of excysted 
oocysts. The distribution of monoclonal antibody binding antigen throughout the life cycle was examined 
using histological sections, and Immunocytochemistry. The species specific nature of two monoclonals 
was determined using oocysts from C. muri , 
C. bailevi, and several isolates of rvum. The size and 
shape of different Cryptosporidium oocysts were determined using microscopy. Polydonal antibody from 
calf, rabbit and human sera were used to show the antigens binding antibody in blots. This technique 
was developed, and extracts from human, lamb, and calf clinical isolates, and from a chick egg culture, 
were examined. 
4.1.13 Obtaining experimental material. One of the main problems associated with the project was 
the production of experimental material. Large scale cultivation of human Cryptosporidium Isolates is 
difficult, as the main method for bulk culture Is calf inoculation. Oocysts from a calf Isolate of rvum 
were used for the gas chromatography/ mass spectrometry work, and these were provided by David 
Blewett of the Moredun Institute, and material from egg culture of C. baileyl was provided by Martin 
Shirley of the Houghton Poultry Research Centre. Cryptosporidium was looked for in all faecal samples 
received In the Brighton Public Health Laboratory, and faecal samples from ovine and bovine 
cryptosporidiosis cases were received from Geoffrey Hopkins of the Veterinary Investigation Centre at 
Thurso. 
4.1.14 Population studies. The absence of clear Indications of the extent of Cryptosporidium Infection 
within the population at the start of the project meant that Information was required on its distribution, 
incidence, and prevalence. Over 40000 faecal samples from Inpatients and outpatients In Brighton were 
examined for the presence of oocysts, and denominator data was produced from patients. Information 
derived from population estimates based on the 1981 census were used to determine the prevalence 
within the community. Details on infected patients were studied, and were used to analyze different 
population groups. There was collaboration In the PHLS Cryptosporidium Surveillance study which lasted 
two years. 
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4.2. Methods for demonstrating Cryptosporidium oocysts. 
At the start of this thesis a large variety of staining techniques were examined to determine the best 
method for screening patients, and to confirm the correct identification of Cryptosporidium oocysts. 
4.2.1 Jenner-Glemsa stain. Smears were placed In methanol for five minutes, and then placed In 
Jenner (B. D. H. ), diluted 1 In 6 with Sorensens buffer (pH 7.4), for ten minutes. Slides were immersed 
in Giemsa (B. D. H. ) diluted 1 In 10 with Sorensens buffer, for 10 minutes, and then washed in Sorensens 
buffer for 10 minutes, ' and air dried. Using this method oocysts of C. pgrvurn were about 4.5µm in 
diameter, and stained pale blue with pink dots. This technique was useful for confirming positives but 
proved cumbersome for screening. It is a modification of one of the techniques used in the original 
descriptions of C. m ri , and rv m 
(Tyzzer, 1910; 1912), and was the standard method used before 
acid fast, and immunological methods became available. 
4.2.2 Modified Ziehl-Neelsen staining was performed using the methods of Henriksen & Pohlenz, 
(1981). Heat or methanol fixed smears were stained with strong carbol-fuchsin (basic fuchsin 10 g, 
absolute alcohol 100 ml, phenol 50 g, distilled water 1 litre) for 5 minutes, washed thoroughly in tap- 
water, and differentiated In I% HCI In ethanol for 10-15 seconds. Slides were washed thoroughly in tap- 
water, and counterstained in 0.4% malachite 'green for' 30 seconds, washed and air dried. 
Cryptosporidium oocysts stained red against a green background. This was the first acid fast staining 
technique developed for Cryptosporidium, and clearly differentiated oocysts from other faecal material. 
It is useful for screening faecal smears, and for confirming samples examined by other methods. 
Increasing the staining time Increased the false positive results from yeasts and fungi, and increasing 
the decolourisation gave many unstained oocysts. 
4.2.3 Rapid dimethvl sulphoxide modified acid fast staining was performed using the methods of 
Bronsdon (1984), and Pohjola et al (1984). Slides were fixed In methanol for 5 minutes, stained with 
carbol-fuchsin-DMSO solution (basic fuchsin 4 g, phenol 12 g, ethyl alcohol (99%) 25 ml, glycerol 25 ml, 
dimethyl sulphoxide 25 ml, and distilled water 75 ml)"for 5 minutes, washed In running tap-water for 
10-30 seconds, and decolourised and counterstained in acetic acid malachite green (2% aqueous 
malachite green 220 ml, glacial acetic acid 30 ml, glycerol 50 ml) for 1 minute. Staining reactions using 
this technique were similar to those obtained with the modified Ziehl-Neelsen technique, but the 
decolourisation process was better controlled. 
4.2.4 Safranin staining was performed using the methods of Baxby & Blundell (1983). Air dried faecal 
smears were fixed In 3% HCI In methanol for 3-5 minutes, stained with 1% safranin for 1 minute, heating 
the slide until the stain boiled. Slides were washed in tap-water, and counterstained with 1% methylene 
blue for 30 seconds. Cryptosporidium oocysts stained bright orange/red, usually with a clear halo, and 
were doughnut or crescent shape with a lighter staining centre. The technique has proved variable in 
the hands of some workers (Casemore et al, 1985). 
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4.2.5 Auramine/carbol fuchsin staining was performed using the method of Casemore et at (1984). 
Dried faecal smears were stained with auramine stain for 5 minutes, washed In tap-water, and 
counterstalned with strong carbol fuchsin for 10 seconds. Slides were washed, dried, and examined 
using an incident light fluorescence microscope. Slides were screened at X100 magnification and 
Cryptosporidium oocysts appear as brightly fluorescent bodies against a dark red background. 
4.2.6 Auramine staining was performed using the method of Nichols & Thom (1984). Dried faecal 
smears were allowed to stand in formalin vapour overnight, were fixed in methanol for 3 minutes, and 
stained in auramine stain for 10 minutes. Slides were washed in tap-water, decolourised with 3% acid 
alcohol for 5 minutes, washed In tap-water, and counterstained with 0.1 % potassium permanganate for 
30 seconds. Slides were washed, dried, and examined without mounting, using an Incident light 
fluorescence microscope. Slides were screened at X100 magnification and Cryptosporidium oocysts 
appeared as brightly fluorescent bodies against a dark background. At X1250 using oil Immersion they 
had a characteristic appearance, showing a bright centre with Inclusions and a pale halo. 
4.2.7 Modified P. A. S. staining was performed using the methods previously reported (Horen, 1983). 
This technique was used to demonstrate oocysts concentrated by sugar flotation. One drop of 0.5% 
periodic acid and one drop of Schiff's reagent were added to the concentrate, and this was left for 15 
minutes at room temperature and examined wet at X400. Oocysts were 4-5µm refractile nonstaining 
objects and yeasts, fungi, bacteria and organic matter stain reddish purple. I 
4.2.8 Immunogold staining of Cryptosporidium oocyst walls was done using oocysts purified by ether 
extraction and differential centrifugation. Oocysts were Incubated with 0.25% trypsin and 0.75% sodium 
taurocholate in Hank's solution for 1.5 hours, and examined using light microscopy for the presence of 
sporozoites. The sample was washed in Hank's solution, centrifuged at 5000 RPM for 10 minutes, and 
incubated in Hank's solution with 1% Triton-X 100 for 5 minutes, In a similar method to that used for the 
electron microscopy of Toxoplasma gondii (Nichols & Chiappino, 1987). The sample was washed again, 
centrifuged and fixed in 3% glutaraldehyde In 0.1 M sodium cacodylate-HCI (pH 7.4). The suspension 
was deposited on formavar and carbon coated grids, allowed to settle for 5 minutes, and excess fluid 
was removed with blotting paper. The grids were allowed to dry. Staining involved Incubating with anti 
Cryptosporidium MAB-C1 1: 10 for 30 minutes at 20°C, washing in immunogold buffer (0.5 M NaCl, 
buffered at pH 7.4, with 0.1 % BSA, 0.05% Tween 20, and 5% fetal calf serum) for 5 times 2 minutes, and 
incubating with affinity Isolated anti mouse IgM (µ chain specific) conjugated with 10 nm colloidal gold 
(Sigma) for 30 minutes at 20°C. The samples were washed in immunogold buffer for 10 minutes, and 
were stained with 3% phosphotungstic acid (pH 6.3) diluted 1: 5 with distilled water. Grids were examined 
using transmission electron microscopy. 
4! 2. O Counting oocysts using a Neubauer counting chamber. Purified oocyst suspensions were 
counted using standard counting chamber techniques (Brown et al, 1989), making sure that the objects 
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counted were oocysts and not yeasts. 
4.2.10 Counting oocysts using wellslides. Tenfold dilutions of sample were prepared, and 10 µi 
samples were applied to slides with 8 mm wells for immunofluorescent staining. Slides were fixed with 
methanol for 3 minutes, and stained with auramine, or fixed with acetone and stained with FITC 
conjugated MAB-Ci. The dilution with an easily countable number of oocysts was chosen, and the total 
number of oocysts within the well, and therefore within the 10 µI sample was determined. The counts 
obtained with the two staining methods were compared. In samples with low oocyst counts, faeces was 
applied to Individual wells, and slides were weighed immediately before and after, to give the mass of 
faeces per well. 
4.2.11 Measuring oocysts. The size of oocysts was determined using an eyepiece micrometer, which 
was calibrated using a stage micrometer, and 20 oocysts were measured along their long (a) and short 
(b) axes. The shape Index (s) was determined by s= a/b , with s=1 being a perfect sphere, and s 
= 1.5 being an oval. The oocyst volume (v) was calculated as v= 4/3 ab2. 
4.2.12 Sucrose floatation was performed using the method of Sheather (1923). Faeces was emulsified 
in five times its volume of distilled water, passed through a 0.7 mm sieve, and mixed with four times its 
volume of Sheather's sugar solution (sucrose 500 g, phenol 6.5 g, water 320 ml) and centrifuge at 1000 
xg for 10 minutes. The top layer was removed, resuspended In Ringer's solution and centrifuged at 100 
xg for 10 minutes. The supernatant was decanted, the deposit was resuspended in Ringer's solution, 
and washed 6 to 10 times to remove microorganisms and faecal debris. Oocysts were counted in a 
Neubauer counting chamber. 
4.2.13 Formol ether concentration was performed using the method of Ridley & Hawgood (1956). 
About 5g of faeces were mixed with 10 ml of 10% formalin (4% formaldehyde), and left overnight to 
allow adequate fixation. Samples were strained through a 0.7 mm nylon sieve Into a 15 X 19 mm tube, 
and 3 ml of diethyl ether was added. After replacing the cap samples were shaken vigorously for 50 
times, and centrifuged at 1000 xg for 1 minute. With a wooden applicator stick the fatty plug at the ether 
/ aqueous boundary was loosened, and the liquid contents were discarded. The deposit was examined 
for parasites using light microscopy of wet preparations. For Cryptosporidium purification the 
centrifugation was increased to 1000 xg for 5 minutes, and for culture work the formalin was replaced 
by water or Hank's solution. 
4.2.14 Differential centrifugation. Faecal samples were centrifuged at 100 xg for 1 minute to remove 
larger faecal particles, while keeping Cryptosporidium oocysts in suspension. The supernatant was spun 
at 1000 xg for 5 minutes to sediment the oocysts, while retaining bacteria in suspension. The pellet was 
resuspended In water, and the centrifugation at 1000 xg was repeated. 
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4.2.15 Percol purification was performed using a previously described method (Waldman et al, 1986). 
The Percol starting concentration was 1.13 g/ml, and two concentrations were used for Cryptosporidium 
purification using discontinuous gradient or two step techniques. Solution A was 1.08 g/ ml (44.3 ml of 
distilled water to 955.5 ml of Percol), and solution 2 was 1.04 g/ ml (79.6 ml of distilled water to 920.3 
ml of Percol). Following phosphate buffered saline (PBS) /ether sedimentation Cryptosporidium oocysts 
passed through solution B but not solution A when centrifuged at 250 G. The band between a 
discontinuous gradient of A and B was diluted 1: 10 in PBS and spun at 500 G. The pellet contained 
predominantly oocysts. Solution 2 was used as a decontamination technique In this study. 
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4.3 Histological methods 
4.3.1 Immunoperoxidase staining was used to examine the site of antibody binding In tissue from 
human, lamb and rat Infections with C. Darvum. Formalin fixed, paraffin mounted tissue blocks were 
sectioned with a microtome to give 1µm to 4µm thick sections, which were mounted on glass slides. 
Sections were dewaxed In TCF 30 for 2X 10 minutes, and taken to alcohol. Endogenous peroxidase 
activity was eliminated by treating with freshly prepared 0.5% hydrogen peroxide In methanol for 10 
minutes. Slides were washed In tap water for 5 minutes, pre-warmed In distilled water at 37°C for 10 
minutes, and treated with trypsin (0.1% w/v trypsin In 0.1% w/v calcium chloride solution, pH 7.8) at 
37°C for 15 minutes, followed by washing In tap water for 3 minutes, and Tris buffered saline (TBS: 12.1 
g Tris and 17.0 g sodium chloride, with 74 ml of 1 molar hydrochloric acid In 2 litres, pH 7.6) for 2 times 
10 minutes. Slides were drained without letting them dry, and antibody was applied at optimum titre, 
diluted In TBS, and Incubated at room temperature for 1 hour. After a further wash In TBS for 3X 10 
minutes, slides were drained without letting them dry, and freshly prepared diaminobenzidine substrate 
(5 mg 3,3'-diaminobenzidine In 10 ml TBS with 100µI 1% hydrogen peroxide) was applied for 10 minutes 
(this reagent may be CARCINOGENIC). Slides were washed In tap water for 5 minutes, counterstained 
with Mayer's haematoxylin stain for 90 seconds, blued In tap water for 10 minutes, dehydrated, cleared 
and mounted In DPX. 
4.3.2 Thin section transmission electron microscopy for Cryptosporidium was used to demonstrate 
the structure of C. parvum oocysts. Material was fixed in 3% glutaraldehyde in cacodylate buffer for 24 
hours. Glutaraldehyde gives better ultrastructural fixation than formaldehyde (Weakiey, 1981). Samples 
were dehydrated in 70% ethanol for 10 minutes, In 100% ethanol for 10 minutes, and placed In propylene 
oxide for 30 minutes. Samples were moved to 50: 50 propylene oxide and resin (50: 50 Araldite CY212: 
Hardener HY964 20 ml, with 0.4 ml DY064 catalyst, and 0.6 ml dibutyl phthalate plasticizer) for 2 hours, 
In neat resin overnight at 20°C, and then incubated at 60°C for 24 hours to polymerise (Weakley, 1981). 
Survey sections (0.21im) of the resin block were made using an ultramicrotome, and were stained with 
hot toluidine blue for 2 minutes. The area to examine by electron microscopy was selected using the 
survey sections, and thin sections with a pale straw colour were cut, and mounted on 100 or 200 hole 
copper grids, and allowed to dry. Grids were stained with saturated uranyl acetate for 30 minutes, 
washed with distilled water, stained with lead citrate (Reynolds, 1963) for 2 minutes, and washed in 
distilled water for 5 minutes. Grids were dried and examined using an AEI Corinth transmission electron 
microscope. The purpose of this experimental technique was to determine the ultrastructural features 
of oocysts during excystation. 
4.3.3 Thin section immunoaold staining for Cryptosporidium was used to try to demonstrate the site 
of antibody binding in infected bowel tissue, and in oocysts. Material was fixed in 4% paraformaldehyde 
In cacodylate buffer for 24 hours. Paraformaldehyde gives good fixation, causes less cross linking of 
proteins than giutaraldehyde, and is better for antigen detection (Beesley, 1986). Small samples were 
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dehydrated In 50% methanol for 10 minutes, in 70% methanol for 45 minutes at -20°C, and in 90% 
methanol for 45 minutes at -20°C. With all solutions maintained at -20°C, samples were processed 
through 50% LR Gold monomer (London Resin Company)/50% methanol for 30 minutes, 70% LR Gold 
monomer/30% methanol for 60 minutes, and 100% LR gold monomer with Initiator (Benzil 0.1 %) for two 
changes of 60 minutes, plus one change overnight. Polymerisation was in gelatin drug capsules from 
which air was excluded, and was achieved at -20°C using an ultraviolet lamp. Blocks were stored at 
room temperature until required. Some blocks were made without tissue fixation as described by the 
London Resin Company, but following preparation, sections could not be cut because the polymerisation 
was Incomplete. 
Survey sections (0.2µm) of the resin block were made using an ultramicrotome, and were stained with 
hot toluidine blue for 2 minutes. The area to examine by electron microscopy was selected using survey 
sections, and thin sections with a pale straw colour were cut, mounted on 100 or 200 hole copper grids, 
and allowed to dry. Grids were Incubated with Cryptosporidium MAB 1: 10 for 30 minutes at 20°C, 
washed in Immunogold buffer for 5 times 2 minutes at 20°C, and Incubated with affinity Isolated anti 
mouse IgM (p-chain specific) conjugated with 10 nm colloidal gold (Sigma) for 30 minutes at 20°C. Grids 
were washed in immunogold buffer for 10 minutes, stained with saturated uranyl acetate for 30 minutes, 
stained with Reynold's lead citrate for 2 minutes, and washed in distilled water for 5 minutes. Grids were 
dried and examined using an AEI Corinth transmission electron microscope. The purpose of this 
experimental technique was to determine the ultrastructural location of the antigenic sites which react 
with monoclonal antibodies against Cryptosporidium. 
4.3.4 Silver enhanced gold staining was used to examine the site of antibody binding in tissue from 
human, lamb and rat infections with rvum, using a similar technique to that of Edwards & Wilson 
(1987). Formalin fixed, paraffin mounted tissue sections were cut with a microtome to give 1µm to 41. Lm 
thick sections, which were mounted on glass slides. Sections were dewaxed in TCF 30 for 2X 10 
minutes, and taken to alcohol. Slides were incubated in a moist chamber for 30 minutes at 35°C with 
monoclonal antibody MAB-C1 diluted In saline and applied to the section at the optimum dilution. Slides 
were washed for three times five minutes in saline, and gold labelled anti mouse IgM (µ chain specific) 
antibody was applied at dilutions between 1: 10 and 1: 100 for 30 minutes. Slides were Incubated In a 
moist chamber at 35°C for 30 minutes, and then washed for three times five minutes in saline. Equal 
volumes of IntenSE (Janssen) initiator and enhancer were mixed, the solution was applied to the 
sections, and silver deposition was monitored using an Inverted microscope. The reaction was stopped 
when staining was deemed to be sufficient, by washing the slide in distilled water, and this was usually 
within 15 minutes. 
4.3.5 Immunofluorescence using FITC labelled MAB-Ci was performed on oocysts and paraffin 
sections of tissue, using the techniques of McLauchlin et al (1987). Dewaxed slides, and acetone fixed 
faecal films were stained by applying a 1: 100 dilution of antibody in phosphate buffered saline (PBS, -pH 
7.2), and Incubating at 35°C for 15-30W minutes. Slides were washed In PBS, mounted In glycerol 
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mountant, and examined using an incident light fluorescence microscope at X 250 magnification. 
4.3.6 Immunofluorescence using aminocoumarin labelled MAB-C1 was performed on oocysts and 
paraffin sections of tissue, using a technique Identical to that used for FITC labelled MAB-Ci. 
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4.4 Excystation. culture. GC: MS. and lectins 
4.4.1 Excystation of oocysts was achieved using the techniques of Current & Haynes (1984) and 
Blewett (1988). Ether extracted oocysts were treated with 1.75% sodium hypochiorite for 12 minutes at 
4°C, washed, and mixed with excystation solution (trypsin 0.25 g, sodium taurocholate 0.75 g, Hank's 
solution 100 ml; pH 7.4). For egg or tissue culture sporozoites were washed twice in Hank's solution to 
remove the trypsin. Sporozoites were seen as motile, banana shaped organisms, which showed body 
flexion. 
4.4.2 The effect of various treatments on oocyst excystation. Oocysts were purified by ether 
extraction and differential centrifugation, and 100 µl volumes of an oocyst suspension (107 oocysts per 
ml) were mixed with 3 ml volumes of the solutions being tested. These were left at 4°C for 18 hours, 
centrifuged at 2500 RPM for 5 minutes and washed 3 times in Hank's solution (Ca & Mg free). The 
deposits were Incubated in 0.5 ml of excystation solution for 1.5 hours at 37°C, and examined for the 
presence of sporozoites using light microscopy. Sporozoites were counted and an estimate of the 
percentage of oocysts which excysted was determined using a Neubauer counting chamber. In the 
experiments reported In this thesis the percent excystation was not found to be a reliable figure, and 
excystation was recorded as positive or negative, depending on whether sporozoltes were seen. 
4.4.3 Tissue culture was achieved using the techniques of Current & Haynes (1984). Faeces samples. 
were stored in 2.5% K2Cr2O7 at 4°C for up to one month. Faecal suspensions were filtered through 
gauze to remove large particles, and mixed with Sheather's sugar solution and centrifuged at 3000 rpm 
for 10 minutes. The top layer was removed, treated with 1.75% sodium hypochiorite for 12 minutes at 
4°C, resuspended in tap-water, and centrifuged at 3000 rpm for 10 minutes. The washing process was 
repeated twice, and the deposit was Incubated In PBS containing 0.1% glucose, 5000 IU/ml penicillin, 
5 mg/ml streptomycin and 20 mg/ml amphotericin for 3 hours at 37°C to kill contaminants. 11 
The deposit was washed 3 times In Hank's solution, and Incubated In 0.25% trypsin and 0.75% sodium 
taurocholate for 30-60 minutes to allow the sporozoites to excyst. These were washed in PBS, 
resuspended in growth medium, and inoculated at 150000 sporozoites per tissue culture tube. Samples 
were incubated for 4 hours at 37°C in 5% C02 to allow attachment and penetration of the sporozoites, 
rinsed with maintenance medium, and incubated in fresh maintenance medium at 37°C in 5% C02. 
Cultures were observed at 4,8,16 & 24 hours and daily for 3 weeks. 
4 . 4.4 
Maintaining int 407 Epithelial cell line was achieved with help from Dennis McElborough at 
Brighton PHL Growth medium was decanted from the flask containing the cell line, and the cells were 
washed with 20 ml of Hank's solution. This was discarded, and 4 ml of 0.25% trypsin was added, laying 
the flask flat for 30 seconds, and then pouring it off. The flask was Incubated at 35°C for 15-30 minutes, 
the flask was tapped to remove the cells, and 0.4 ml was added to each new flask Inoculated. Thirty ml 
of growth medium (Eagles medium 100 ml, glutamine 10 ml, distilled water 850 ml) was supplemented 
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with 10% foetal calf serum, antibiotics (penicillin 50 IU/ml, streptomycin 50 pg/ml, amphotericin 20 
µg/ml), and adjusted to pH 7.2 with 7.5% sodium bicarbonate, was Incubated at 35°C for 2-3 days. 
4.4.5 Egg culture. Freshly laid Rhode Island Red chicken eggs were transported to the laboratory In 
boxes, and Incubated at 37°C for 9-10 days, turning them eight hourly. Prior to Inoculation eggs were 
wiped with 70% ethanol. Inocula were prepared as for tissue culture, and sporozoites were suspended 
in Hank's medium with 50,000 IU/ml penicillin, and 50 mg/ml streptomycin, and Inoculated in 0.05 ml 
volumes, by syringe, Into the allantoic cavity. The small Inoculation hole was sealed using collodion, and 
the eggs were Incubated for seven days at 37°C, and the allantoic fluid and chorioallantoic membrane 
were examined by Giemsa and auramine staining, and by wet film microscopy. 
4.4.6 Gas-Liquid Chromatography: Mass Spectrometrvwas used to demonstrate the long chain fatty 
acids present In Cryptosporidium oocysts, in a collaboration with Robin Wait (CAMR), who did all the 
GC: MS testing and Interpretation. A suspension containing 10' oocysts of C. parvum was purified from 
calf faeces by David Blewett using sucrose flotation and differential centrifugation, and the final sample 
was rewashed, cultured for bacteria and fungi, using a viable count method (Miles, et al, 1938), on blood 
agar aerobically and anaerobically and on Sabouraud agar. Plates were incubated for 5 days at 35°C, 
and broth cultures of all organisms were produced. The purified oocyst sample was rendered non viable 
by freezing and thawing twice. Samples of ruptured oocysts and cultures of microorganisms were 
subjected to a mild acid methanolysis, and were analyzed by capillary gas liquid chromatography. Peaks 
were identified by comparison of retention times with standards, and by gas-chromatography / mass 
spectrometry. The peaks obtained from the oocysts were compared with those of the contaminating 
organisms. 
4.4.7 Lectin agglutination. Oocysts from faeces were purified by differential centrifugation and sugar 
flotation. A suspension containing 10' oocysts per ml was prepared, and 25 µl volumes were distributed 
onto clean slides, and 25 µl volumes of lectin dilution were mixed with them. The suspension was mixed 
for 3 minutes in a moist chamber on a rotary mixer set at 60 RPM, covered with a coverslip and 
examined Immediately under the microscope. Care was taken when Interpreting microscopic 
agglutination of purified Cryptosporidium oocysts, as streaming against a fixed microscopic object 
allowed oocysts to accumulate In groups or clusters which resemble microscopic agglutination. Lectin 
preparations were examined at 1 and 10 mg/ml. 
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Species producing lectin 
Dolichos biflorus 
Limulus polyphemus 
Helix aspersa 
Canavalia ensiformis (Con A) 
Bandeirea simplicifolia (BS II) 
Caragana arborensis 
Arachis hypogaea 
Glycine max 
Ulex europaeus 
Ulex europaeus 
Lens culinaris 
Phaseolus vuigaris 
Solanum tuberosum 
Phytolacca americana 
Sugar Specificity of Lectin 
a-D-gaINAc 
neuNAc, D-gaINAc; D-glcNAc 
D-gaINAc 
a-D-man, a-D-gic 
D-glcNAc 
D-gaINAc 
ß-D-galt -3)-D-gaINAc 
D-gaINAc 
(UEA I) a-L-fuc 
(UEA 11)(D-glcNAc)2 
a-D-man - 
oligosacc, Ieucoaggl 
(D-glcNAc)3 
(D-glcNAc)3 
4.4.8 Lectin staining. Oocysts were distributed on welislides, and fixed with methanol for three 
minutes. FITC labelled lectins were applied In 10µI volumes at a variety of dilutions, and Incubated at 
35°C for 30 minutes. Slides were washed with distilled water for 15 minutes, mounted in glycerol buffer 
(10% glycerol in phosphate buffered saline, pH 7.2), and examined using epifluorescent microscopy. 
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4.4.9 Monoclonal and polycional antibodies 9 
The following monoclonal and polyclonal antibodies were used: 
Monoclonal antibodies: 
Code Ab directed against Ab class Ab Source Label 
PC-1 Pneumocystis carinli gM DMRQC None 
MAB-C1 Cryptosporidium oocyst gM DMRQC None 
FITC-MAB-C1 Cryptosporidium oocyst gM DMRQC Fluorescein Isothiocyanate 
Merifluor Cryptosporidium oocyst ýgG MD None 
HRP-MAB-C1 Cryptosporidium oocyst IgM DMRQC Horseradish peroxidase 
18185 Cryptosporidium oocyst IgM LSHTM None 
182C2 Cryptosporidium oocyst IgG, LSHTM None 
172A2 Cryptosporidium sporozoite IgG, LSHTM None 
Anti-FITC Fluorescein Isothiocyanate Ig DMRQC Alkaline phosphatase 
LPC1 Legionella pneumophila Sg 1 IgM DMRQC Fluorescein isothiocyanate 
CL2 Usterla monocytogenes IgM DMRQC Fluorescein Isothiocyanate 
The monoclonal antibodies were produced by, and obtained from DMRQC, In CPHL Colindale, Vincent Mcdonaid at the London 
School of Hygiene and Tropical Medicine, and Meridian Diagnostics (MD). 
Polyclonal antibodies: 
Code Ab Directed against Ab class Ab 
source 
Label 
AP-anti Human Human Ig Mixed Sigma Alkaline phosphatase 
AP-anti rabbit Rabbit Ig Mixed Sigma Alkaline phosphatase 
AP-anti mouse Mouse Ig Mixed Sigma Alkaline phosphatase 
Gold-anti mouse Mouse IgM (µ chain specific) Mixed Sigma 10 nm gold 
Rabbit-anti 
Cryptosporidium 
Cryptosporidium Mixed Webber None 
Bovine-anti 
Cryptosporidium 
Cryptosporidium Mixed Moredun None 
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4.5 Polyacrylamide gel electrophoresis (PAGE) was performed using the methods of Laemmii et al 
(1970). Four individual 1.5 mm thick 10% acryiamide gels were produced at a time in a Biorad multiple 
casting device. All glass plates and ceramic backing plates were cleaned and assembled. All operations 
were done using rubber gloves to protect against the skin absorption of acrylamide, which is neurotoxic, 
and the gloves were washed to remove contaminating talc. The resolving gel was prepared by mixing 
13.3 ml of stock acrylamide solution (acrylamide 29.2 g, NN'-methylene-bis-acrylamide 1.6 g, - distilled 
water 100 ml; 30%T 2.7%C Bis; stored at 4°C in the dark), 10 ml of resolving buffer (1.5 M tris-HCI pH 
8.8; stored at 4°C In the dark), 400µI of 10% sodium lauryl sulfate (SDS) (Stored at room temperature), 
16ml of distilled water, and 20µI of NNN'N'-tetramethyl ethylenediamine (TEMED). The solution was 
mixed and degassed by vacuum at room temperature for 5 minutes, and 200µl of freshly prepared 10% 
ammonium persuiphate was added. The solution was mixed without introducing air Into it, and 
immediately poured carefully into the casting apparatus. The gels were overlaid with 100µI of propanol 
to produce a sharp flat upper surface to the gel. Gels were wrapped In clingfilm and allowed to set for 
2-24 hours at room temperature. Propanol was decanted by inverting the gels, and a stacking gel was 
applied to each gel. This was prepared by mixing 2.7 ml of stock acrylamide, 5 ml of stacking buffer (0.5 
M tris-HCI, pH 6.8; stored at 4°C in the dark), 200µI of 10% SDS, 12 ml of distilled water, and 8µI 
TEMED. The solution was mixed and degassed by vacuum at room temperature for 5 minutes, and 
100µI of freshly prepared 10% ammonium persulphate was added. The solution was applied to the top 
of the gels, and a sample comb was introduced into each gel. Gels were covered with clingfilm and 
allowed to set for 2 hours. Gels without the stacking gel were stored for up to 10 days at 4°C. Gels were 
attached to the Minigel equipment, and running buffer (0.025 M Tris, 0.192 M glycine, 0.1 % SDS, pH 8.3) 
was poured onto the base and top of the tank. Sample combs were not removed until the buffer was 
covering the tops of the gels. 
4.5.1 Sample preparation. Oocysts were ether extracted, washed twice in distilled water, and samples 
were mixed with equal volumes of extraction buffer (1 ml of 0.5 M Tris-HCI pH 7.6,0.8 ml glycerol, 0.2 
ml of 1% bromophenol blue, 1.6 ml of 10% SDS, 0.4 ml 2-mercaptoethanol). Unless otherwise stated, 
samples were heated at 100°C for 3 minutes. 
4.5.2 Sample application. Extracted samples were applied to gels through the running buffer, making 
careful note of their positions, and taking care not to agitate the buffer or get extract In the wrong well. 
In most gels 51I samples were used, and were applied in duplicate at the same position In both gels. 
4.5.3 Silver staining of polyacrylamide gels. Polyacrylamide gels were soaked overnight In fixative 
(40% ethanol/water v/v, with 5% acetic acid). They were washed for three times five minutes In distilled 
water, and then for 30 minutes In a freshly prepared ammoniacal silver solution (50 ml of distilled water 
containing 0.4 g of silver nitrate, 1 ml of sodium hydroxide, and 0.36 ml of ammonium hydroxide). The 
gels were washed for three times five minutes in distilled water, and placed in a developing solution 
(501LI of 40% formaldehyde, and 250µI of OA M citric acid in 100 ml of distilled water) for 10-30 minutes. 
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Stained gels were washed in 5% acetic acid followed by washing for three times five minutes in distilled 
water. - 
4.5.4 Western blotting, wet method. This part of the work was done at DMRQC, Colindale in 
collaboration with Dr Dhan Samuel. Clean rubber gloves were worn at all stages, to prevent the staining 
of materials from the hands, and to reduce the neurotoxic risk associated with the use of polyacrylamide. 
After SDS-PAGE, gels were carefully removed and placed on 2-3 sheets of filter paper (3 mm grade) in 
the gel cassette. The nitrocellulose was placed on the blotting paper which was pre-wetted with blotting 
buffer (t OX Running buffer was diluted with 20% methanol and SDS was not added). The nitrocellulose 
and blotting paper were placed over the gel, and any air bubbles were removed by rolling a pipette over 
the nitrocellulose. The nitrocellulose was marked with a pencil to identify the tracks. Two or three more 
pre-wetted filter papers were placed over the nitrocellulose and then the cassette was closed, and placed 
in the blotting apparatus filled with blotting buffer, making sure the nitrocellulose side faced the anode 
and the gel faced the cathode. Samples were electrophoresed for 2 hours at room temperature using 
250 mA. The cassette was removed, and the nitrocellulose carefully taken out and placed in 3% BSA 
solution overnight at 4°C. 
4.5.5 Western blotting. semi dry technique. This technique followed a protocol of Jenny Broome- 
Smith (Sussex University), based on the original work of Khyse-Anderson (1984). Whatman Number 1 
filters were cut to a size larger than the gel (allowing 1 cm all round), and four sheets were soaked In 
anode buffer 1 (0.3 M Tris In 20% methanol, pH 10.4). These were placed on the graphite anode plate, 
were smoothed to remove air bubbles, and excess liquid was mopped up. Two further sheets were 
soaked In anode buffer 2 (25 mM tris In 20% methanol, pH 10.4), allowed to drip dry, and placed on top 
of the first 4 sheets. These were smoothed to remove air bubbles, and excess liquid was mopped up. 
The nitrocellulose was cut to slightly larger than the gels, floated on distilled water to wet, and placed 
on the stack, removing any air bubbles. The gel was carefully placed on the wetted nitrocellulose, and 
air bubbles were 'chased' out. Six sheets of filter paper were soaked In cathode buffer (25 mM tris In 
20% methanol, pH 9.4), placed on top of the gel, and smoothed to remove air bubbles. Excess liquid 
was mopped up, and the graphite cathode plate was placed on top of the stack (Figure 4.5.1). Samples 
were electrophoresed at 200 mA for 1 hour, and the nitrocellulose was transferred Into 100ml of blocking 
buffer (5% skimmed milk, and 3% BSA In phosphate buffered saline) overnight, or frozen at -20°C until 
required. 
4.5.6 Phosphatase staining of blots. Bound phosphatase enzyme was detected using nitro blue 
tetrazolium (NBT) and 5-bromo-4-chloro-3-indolyl phosphate (BCIP) substrate in a technique used In 
DMRQC, Colindale. The substrate was prepared just before use by the addition of 4.4µI of NBT (75 
mg/ml in 70% dimethyl formamide, DMF) and 3.31iI of BCIP (50 mg/mI in DMF) to 1 ml of phosphatase 
buffer (OA M tris HCI buffer with OA M NaCl and 50 mM MgCI2 at pH 9.5) added to the strips for 30 
minutes at room temperature, and the reaction terminated by washing the blots In distilled water, blotting 
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dry, and air drying. Phosphatase positive areas were dark blue in colour. Stocks of NBT and BCIP were 
stored at -20°C. 
4.5.7 Peroxidase staining of blots. Bound peroxidase enzyme was detected with freshly prepared 
diaminobenzidine substrate (5 mg 3,3'-diaminobenzidine in 10 ml TBS with 100µI 1% hydrogen peroxide) 
applied for 10-20 minutes (this reagent may be CARCINOGENIC). Peroxidase staining areas were brown 
in colour. 
4.5.8 Rf determination. The relative mobility of proteins or antigens In gels was determined by dividing 
the distance from the start of the main gel to the band, by the distance from the start of the gel to the 
dye indicator band. Measurements were made using a ruler, and using a laser scanner. 
4.5.9 Densitometric scanning was done by placing stained nitrocellulose membranes in a Helena 
Ciiniscan 2 densitometer, and scanning at 675 nm. 
4.5.10 Molecular weight determination was carried out by comparison of the Rf values of bands, with 
the Rf values of known molecular weight standards. Preliminary work used blue stained standards 
ranging from 26 kDa to 180,000 kDa (Sigma, SDS 7B), and in later work individually coloured bands 
were used, ranging from 14.3 kDa to 200 kDa (Rainbow). 
4.5.11 Typing. The assigning of isolates to types was done using comparison of bands with standard 
extracts from known isolates which were stored at -20°C. This was found to be more reliable than MW 
or Rf values. 
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4.6 Population. Brighton Health District (BHD) Is an area with both urban and rural parts, and has a 
total population of around 300,000 (Brighton Health Authority, 1989). There are around 700,000 tourist 
visitors, and 2,100,000 day visitors to Brighton annually (English Tourist Board, 1982). The laboratory 
serves hospitals and general practitioners in BHD, and also serves Environmental Health Departments 
(EHDs) over a wider area. 
4.6.1 National figures for human infections with C. Darvum were kindly provided by Bob Adak and 
Andrew Grant at the Communicable Diseases Surveillance Centre at Colindale, and were obtained from 
the CDSC oracle database. Figures for 1990 and 1991 are provisional, due to the updating of databases, 
and culling of duplicate reports. 
4.6.2 Data on animal infections was obtained from the Veterinary Investigation Diagnosis Analysis 
database (VIDA II) In the Epidemiology unit of the Central Veterinary Laboratory. The data Is for Incidents 
of cryptosporidiosis In cattle and sheep, an incident being one or more Infected animals on one farm, 
and not the number of infected animals. 
4.6.3 Samples. Faecal samples were obtained predominantly from patients with diarrhoea, although 
some samples were from asymptomatic contacts of patients. Patients were those presenting to general 
practitioners and hospitals within Brighton Health District, and those contacted by environmental health 
departments over a wider area. Samples submitted to the laboratory for examination were Immediately 
cultured for Salmonella, Shigella, and Campylobacter, and were examined microscopically for the 
presence of parasites. All samples were also screened for the presence of Cryptosporidlum by the 
phenol auramine technique (Nichols & Thom, 1984), and positive samples were confirmed by modified 
Ziehl-Neelsen (Henriksen, 1981), and In some cases by direct monoclonal antibody Immunofluorescence 
(McLaughlin et al, 1987). Samples from children were also tested for viruses by electron microscopy. 
Between January 1984 and December 1987 all faecal samples were examined for Cryptosporidium, but 
from January 1988 only new diarrhoeal patients were tested. Patients previously found to be positive for 
any pathogen, and who were being checked for excretion of that pathogen, were not examined for 
Cryptosporidium. Faecal smears from homosexual patients attending a genito-urinary clinic over two 
years were examined for Cryptosporidium. 
4.6.4 Raw data collection. Records of all specimens examined were recorded in a day book, and 
details received on the request form were transferred into the book. All significant positive pathogen 
isolations, or identifications, were recorded in a second positive isolation book. Over a two year period 
forms containing details of all symptomatic patients presenting to general practitioners, or admitted to 
hospital, were completed weekly, and these also contained details of all positive faecal isolations. Data 
on positive faecal isolations was obtained from years before the start of the project (1979-1984). 
4.6.5 Age distribution data. All positive faecal isolations or demonstrations of significant enteric 
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pathogens were tabulated annually by age, sex, and month, and by whether patients had recently 
returned from abroad, whether they were resident outside Brighton Health District, whether, they were 
known to be HIV positive, and whether they were hospitalised. Age data was recorded as numbers per 
one year age group. Some patients were in what was regarded as an outbreak. There are several ways 
in which the age distribution data can be analyzed, and these are shown in Table 4.6.1. 
1 r. 
Table 4.6.1 Methods of Interpretation of age data In diarrhoea) diseases 
The numbers of patients infected with the pathogen 
The % of all patients with the pathogen In one age group 
The % of all patients with diarrhoea who have the pathogen (incidence) 
The % of all specimens which are positive 
People In the community infected at any moment (point prevalence) 
People In the community infected during one year (period prevalence) 
Incidence in hospital patients with diarrhoea 
The % of patients with the pathogen who were hospitalised 
The incidence in people recently returned from abroad with diarrhoea 
The 
,% 
of patients with the pathogen who have recently returned from abroad with diarrhoea ., 
, 
The age distribution over time 
The sex distribution with age 
The age distribution in suspected outbreaks 
4.6.6 Chi square testing of age distribution data was done using Yates' correction for data with only 
one degree of freedom (Owen & Jones, 1978). Values for the expected age distribution of each of the 
six commonest enteropathogens were calculated on a spreadsheet, and Individual Chi square values 
were determined as follows. 
Observed Expected 
Age group A B 
All other age groups C D 
Chi square = ((A-B)-O. 5)2 -+ ((C-D)-0.52 
B.. D 
The Chi square value was regarded as Invalid If A was less than 5. 
4.6.7 Patients incidence data. Over three periods, amounting to 40 months, data was also recorded 
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in a computer database, and a monthly printout of patients In alphabetical order was examined manually 
to remove data from patients submitting more than one sample, so that patients were only recorded 
once, and the number of patients examined could be determined. The figures generated by this analysis 
were extrapolated for the 1984-1990 period, and this data was used to provide denominator data for 
calculating the Incidence of cryptosporidiosis as a percentage of patients infected in each age group. 
Data was extrapolated from the 40 months to 84 months (7 years) by dividing the number of patients 
detected in 40 months by the number of specimens In those 40 months, and multiplying by the number 
of specimens in 7 years. 
4.6.8 Census and population estimation data. Data from the 1981 census, and population estimates 
for Brighton Health District were obtained from Meic Goodyear at Brighton General Hospital. The data 
was from the Office of Population Censuses and Surveys. 
4.6.9 Information on patients with cryptosporidiosis was obtained by a telephone questionnaire. 
Patients over a3 year period were contacted directly, or through their general practitioner, and the 
results of this questionnaire were tabulated. The telephoning of patients, and contacting physicians was 
carried out by Dr Thom, the Director of Brighton PHL 
4.6.10 Prevalence within the population was determined by calculations from extrapolations of census 
estimates of the population size as described by Morton & Hebel (1979). 
Incidence rate = no of new cases of a disease over a oiven time 
the population at risk of developing the disease 
Point prevalence rate = Total number of cases at a point in time 
The total population 
Period prevalence rate = Total number of cases in a given period 
' The total population 
Period prevalence was calculated by determining the number of patients with cryptosporidlosis In each 
age group, divided by the number of people in the Brighton Health District population in this age group, 
multiplied by 100,000, to give a number per 100,000 people per year. 
Point prevalence, that Is the number of people with cryptosporidiosis at any one time, was determined 
by dividing the number of patients per year, by the number of days in the year, multiplied by the mean 
number of days which Infection lasts, 'divided by the total population, multiplied by 100,000, to give a 
prevalence per 100,000 people. 
4.6.11 Data on weather In Brighton was purchased as daily, weekly and monthly raw data (computer 
printout) from the Meteorological office. 
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4.6.12 Estimates of infection throughout life. The number of patients infected with Cryptosporidium 
over seven years was used to determine the annual period prevalence for all age groups. Using an 
assumption of a constant exposure at the same rate as that detected during the study period, the 
minimum number of people who get cryptosporidiosis at some time was determined throughout life. 
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5.1 Detection of Cryptosporidium oocysts. One of the main concerns at the start of this study was 
to ensure that the material being examined was from patients with cryptosporidiosis, and did contain 
oocysts. For this reason a variety of published techniques for detection and confirmation (Casemore et 
al, 1985; Crawford & Vermund, 1988) were compared, to ensure that a high proportion of patients with 
cryptosporidiosis were detected, and that none of these were falsely positive. Slides from the first few 
cases were checked using Jenner-Giemsa (Figure 5.1.1), modified Ziehl-Neelsen (Figure 5.1.2), safranin 
(Figure 5.1.3), auramine (Figure 5.1.4), auramine/fuchsin and modified PAS stains. Samples were 
compared with a calf isolate from the Moredun Institute, a human isolate from Rhyl PHL, and published 
photographs and descriptions (Ma & Soave, 1983). Two samples found to contain Cryptosporldium 
oocysts were sent to Rhyl PHL for confirmation, and one sample was examined by Dr Ken Angus at the 
Moredun Institute. All samples which were thought to contain oocysts were confirmed positive. 
Throughout the study positive samples were carefully checked to ensure that they contained oocysts, 
and a known positive was used as a control with each batch of slides stained. Using smears from 
positive faecal samples, 15 techniques were tested for their ability to detect oocysts, to determine which 
were the best methods for screening samples from patients (Table 5.1.1). 
Of the stains examined, the auramine, rapid DMSO and auramine fuchsin all proved reliable, for 
screening. In wet films examined by light microscopy (Figure 5.1.5), oocysts could be seen at high 
power (X 1000) but were difficult to differentiate from yeasts. The Grocott-Gomorl (Figure 5.1.6), Iodine 
and modified PAS stains all differentiated oocysts from yeasts, but were unsatisfactory for examining 
patients samples, because the background obscured the oocysts. The modified ZN gave good 
differentiation between oocysts and background, but was subject to variation In staining Intensity, with 
only a small percentage of oocysts staining in some samples (Figure 5.1.7). The rapid DMSO was more 
reliable In this respect because the DMSO gave better stain penetration, and the decolourisation was 
less severe. The Jenner-Giemsa stain was good for confirming positive samples, but was not suitable 
for screening samples because oocysts were the same colour as the background (Figure 5.1.8). The 
safranin stain showed good differentiation between oocysts and background, but Involved a heating 
stage which made batch staining more involved. The auramine stain was used for routine screening 
because samples could be examined at X 100 rather than X 250 which was necessary for non 
fluorescent techniques. The auramine fuchsin technique gave a reduced background staining, but in 
thick smears oocysts were obscured by fuchsin stained faecal material. Oocysts seen In the auramine 
screening were confirmed by examination at X 1000 using oil immersion, and doubtful samples were 
restained with modified ZN and FITC MAB-C1 (Figure 5.1.9). 
Negative stained TEM gave good Identification of oocysts, with their characteristic folds or sutures 
(Figure 5.1.10). This technique required large numbers of purified oocysts, and PTA negative staining 
was made difficult by the large size of oocysts compared to bacteria and viruses. Thin section 
transmission electron microscopy (Figure 5.1.11 and 5.1.12) revealed the ultrastructural details of 
oocysts Including sporozoites, residual body and oocyst wall. The technique required concentrated 
oocysts, and it was difficult to demonstrate these in the EM because the central portion of the oocyst 
was usually not present. The resistance of the oocyst wall to a large variety of disinfectants (Campbell 
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et al, 1982) suggests that there is poor penetration of both fixative and resin into oocysts, and this is a 
common problem in the examination of the ultrastructure of coccidian oocysts (Chobotar & Scholtyseck, 
1982). Better oocyst preservation and visualisation were achieved using samples frozen in liquid nitrogen, 
sectioned (6 µm thick sections) in a cryostat, and then placed in paraformaldehyde and pelleted, 
covered in agar, and mounted in resin. 
Results obtained with the fifteen detection techniques for Cryptosporidium are shown in Table 5.1.1. In 
comparing the staining reactions of oocysts, there was a subjective element in deciding which method 
was preferable. Auramine staining has been regarded as less specific than carbol fuchsin based stains 
(Crawford & Vermund, 1988), and only a percentage of oocysts are stained. The addition of DMSO or 
tergitol to stains allows better stain uptake, and modified DMSO proved reliable for confirming samples 
which were positive by auramine staining. There are limits to the sensitivity of staining techniques for 
Cryptosporidium. Firstly the amount of material applied to the slide, secondly the sensitivity of the stain, 
thirdly the area of the slide examined (a function of time, magnification and viewing speed), and fourthly 
the experience and competence of the examiner. The sensitivity of examining all of a slide smeared with 
2 mg of faeces was calculated to be about 500 oocysts per gram, assuming the stain is 100% sensitive, 
and the observer is 100% competent and looks for long enough. In practice, large areas of faecal smear 
can be examined using auramine staining in 30-60 seconds at X 100 magnification. A relationship 
between the consistency of the stool samples, and the number of oocysts detected has been reported 
(Garcia et al, 1987; Holley et al, 1986), although I have found that this relationship is unreliable. Although 
few patients with very hard faeces had Cryptosporidium oocysts at all, well formed samples with large 
numbers of oocysts were not uncommon. 
Figure 5.1.1 Cryptosporidium oocysts stained with Jenner-Giemsa. Three of the oocysts have 
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excysted. leaving oocyst walls, and sporozoites (X 1,400). 
Figure 5.1.2 Cryptosporidium oocysts stained with modified Ziehl-Neelsen stain (X 1.800). 
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Fissure 5.1.3 Crvptosporidium oocysts stained with safranin (X 1,400). 
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Figure 5.1.4 Cryptosporidium oocvsts stained with phenol auramine (X 1.800). 
Figure 5.1.5 Crvptosporidium oocysts examined using a wet preparation Note the residual body 
a retractile spot which lies off centre in the oocyst (X 1.400). 
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Table 5.1.1 Comparison of techniques for Cryptosporidium oocysts 
Technique Staining of 
oocysts 
Differentiation from 
background 
Ease of use for 
screening 
Trichrome - - - 
Jenner-Giemsa ++ + + 
Gram ++ - - 
Safranin +++ +++ +++ 
Auramine +++ +++ +++ 
Modified Ziehl-Neelsen ++ +++ +++ 
Grocott-Gomori silver - + + 
Rapid DMSO +++ +++ +++ 
Modified PAS - + + 
Iodine wet mount - + ++ 
Auramine wet film +++ + + 
Unstained wet film - + ++ 
Negative stained TEM ++ ++ - 
Thin sectioned TEM +++ +++ - 
FITC-MAB-C1 +++ +++ ++ 
= none 
+= poor 
++= moderate 
+++= good 
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Figure 5.1.6 Crvptosporidium oocysts stained with the Grocott-Gomori silver stain. Note oocysts 
do not stain well, whereas yeasts stain dark brown or black (X 1,400). 
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Figure 5.1.7 Modified Ziehl-Neelsen stain showing Cryptosporidium oocysts staining poorly (1 800). 
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Figure 5.1.8 Giemsa stained faecal material showing a Cryptosporidium oocyst. which can be 
difficult to spot amongst the bacteria, yeasts and debris in faeces (X 1.800). 
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Figure 5.1.9 Cryptosporidium oocysts stained with a fluorescein labelled monoclonal antibody 
MAB-C 1 
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Figure 5.1.10 Crvatosnoridium oocysts negatively stained with PTA. showing their characteristic 
appearance with folds or sutures. Round dark marks are thought to be artifacts of the ureoaration 
technique (X 7,500). 
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FioM 5.1.11 Thin section electron micrograph of a Cryotosnoridium oocyst showing the detailed 
ivA rnri Wie wih saorozoites and a residual body lying within a layered oocyst wall (X 
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Figure 5.1.12 Thin section electron micrograph of a Cryptosporidium oocyst showing three 
sporozoites and a residual body. The oocyst wall shows a diffuse outer layer, two membrane like 
layers. and a diffuse inner layer and there is no membrane separating the worozoites from the 
oocyst wall (X 28.000). 
Ab }ý^ 
ý^ý 
,' 
layered oocyst wail 
`ý,, ý Mfcronýýes 
09. 
ges« 
<'ý 
E. 
ýý. , w:. 
ýa 'ýý 
kr 'ý 
5 
ýsý 
ýý 
ti 
.ý, 
'4 
"N 
3 ..; 
232 
_ý 
>6 
5.2 Optimising auramine staining. The auramine staining technique used was that originally used for 
detecting Mycobacterium sop in clinical samples. This method may not be optimal for Cryptosporidium, 
so the staining and decolourisation were examined. Identical films from a positive patient were stained 
with auramine and decolourised with acid alcohol for different times to determine the optimum method 
(Figure 5.2.1 and 5.2.2). 
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Figure 5.2.1 Graph of the intensity of auramine staining 
of C. parvum oocysts 
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The maximum background staining was obtained within 10 seconds, but the best oocyst staining was 
not seen until 5 minutes. Complete decolourisation of the background was seen within 2 minutes, and 
oocysts did not lose their stain until 15 minutes. Overall, the least background staining, and best oocyst 
staining was obtained with auramine for 5-10 minutes, followed by decolourisation for 5 minutes, and 
this technique was used for all screening. Use of carbol fuchsin counter-staining, as advocated by 
Casemore et al (1984), was also tried but in thick smears oocysts embedded in dried faeces were easier 
to see without a counterstain. 
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Figure- 5.2.2 Graph of the intensity of auramine staining of 
C. parvum oocysts after decolourisation with acid alcohol 
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5.3 Screening. It was Important to know the sensitivity of the screening technique. Samples screened 
for Cryptosporidium by auramine staining of faecal smears were compared with samples concentrated 
using the formol ether concentration, and then stained with auramine for Cryptosporidium. Of 2491 
samples examined using both methods, a total of 76 were found to be positive (Table 5.3.1), of which 
69 were true positives, and 7 were false positive. Two of the 6 samples that were direct film positive but 
concentration negative, were negative when repeated, and were assumed to have been contaminated 
from positive films during trough staining. Five of twelve specimens that were direct film negative and 
concentration positive, were negative when the concentration was repeated, but were positive from the 
deposit of the original concentration. In most cases this was thought to be due to contamination during 
the filtration stage of the concentration. The other seven samples that were negative in the direct film, 
and concentration positive, were found to be positive by both techniques when repeated. This indicated 
either poor Initial staining, or observer error. In some cases the original slide was available, and oocysts 
were clearly observable. 
At the start of this project, all samples were examined by me for the presence of oocysts. With the large 
numbers of samples to be tested, other laboratory staff were trained to detect oocysts using auramine 
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staining. Positive samples were kept and checked by me to confirm that they contained Cryptosporidium 
oocysts and not artifacts of the same size. Some fungal spores can give the appearance of 
Cryptosporidium oocysts, as can objects from cattle faeces and water samples (Casemore, 1991). - 
Table 5.3.1 Comparison of direct auramine film with auramine film from formol ether 
concentration. for detecting Cryptosporidium in faeces. 
Concentration positive Concentration negative Total 
Direct film positive 58 6 (4) 64(62) 
Direct film negative 12 (7) 2415 (2420) 2427 (2429) 
Total 70 (65) 2421 (2424) 2491 
Figures in brackets represent the results when false positives have been accounted for. 
Total positive 
Total genuine positives 
Total genuine Negatives 
76 Correlation 
69 Sensitivity 
2422 Specificity 
99.3% 
89.2% 
98.7% 
84.2% of samples were positive by direct film 
92.1% of samples were positive by concentration 
The experiment showed that direct auramine staining picked up 62/69 (89%) positive samples, and 
formol ether extraction offered no great advantage, and caused false positive results because of 
contamination during the processing. The 10% false negative was thought to be acceptable when the 
examination of large numbers of samples (6000 to 7000 per year) using concentration would have added 
little to the study, but would have Increased the work and cost considerably. In calculating the 
prevalence of Cryptosporidium in the community the 90% sensitivity of the test can be Included In 
estimates. 
It is clear from this study that it is very easy to contaminate samples during filtration, using a filter which 
is rewashed. Concentration is considered desirable (Crawford & Vermund, 1988), particularly in patients 
who are immunocompromised, in studies of asymptomatic infection, in drug evaluation studies, and in 
environmental monitoring, because oocyst numbers can be lower than the level normally detected by 
a faecal smear. McNabb et al (1985) reported that the formol ethyl acetate technique was just as 
successful for concentration as the Sheather's sucrose flotation method. 
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5.4 Excystation. For the purposes of culturing Cryptosporidium, the extracted oocysts required 
decontamination and excystation, before being introduced into the culture system. Oocysts were 
successfully excysted using the techniques of Current & Haynes (1984), and oocyst samples remained 
viable at 4°C for many months. One oocyst preparation lost its ability to excyst following the defrosting 
of a fridge, when the temperature dropped below 0°C. Excysting oocysts were examined by hot toluidine 
blue staining (Figure 5.4.1) and electron microscopy (Figures 5.4.2 to 5.4.5). In Figure 5.4.2 the oocyst 
wall is thicker around the suture than in areas where there is no suture, and is similar to those seen in 
previous studies (Reduker et at, 1985). The suture has started to break down, and the oocyst wall is 
curving in towards the centre of the oocyst. The inner wall has a pale layer in addition to the other layers 
seen in previous micrographs, which may represent an additional wall layer, or shrinkage of the 
cytoplasm during processing. There are clearly defined sporozoites with micronemes, a residual body, 
and intra-vacuolar tubules. In Figure 5.4.3, one of the sporozoites can be seen in the process of 
emerging from an oocyst. The oocyst wall continues to curl back into the oocyst (Figure 5.4.4), and 
excysted sporozoites emerge (Figure 5.4.5). The sporozoites are banana shaped, with an anterior apical 
complex, and an angular shaped posterior (Figure 5.4.6). The preconoidal rings, and the polar ring, can 
be seen, together with the apical cap. 
Figur e 5.4.1 Hot toluidine blue stained section of a preparation of excysting oocystsEmnty 
oocys t walls sporozoites and unexcvsted oocysts can be seen and some oocysts appear 
collap sed (X 1 , 400). 
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Figure 5.4.2 A thin sectioned electron micrograph of an oocvst of Cryptosaoridium startirq to 
excyst. with the suture breaking down (X 22.000). 
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Figure 5.4.3 A thin sectioned electron micrograph of a sporozoite starting to emerge from an 
OoCvst (X 25.500). 
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Figure 5.4.4 Detail of the oocyst wall following breakdown of the suture. The layered structure of 
the oocyst wall can be clearly seen. 
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V 
Figure 5.4.5 A newly excysted sporozoite. with cart of the oocyst from which it emerged together 
with remains of the residual body. 
Figure 5.4.6 A newly excysted sporozoite negatively stained with PTA and examined by TEM. Al 
the anterior end (ton) the apical complex can be seen in some detail, with an axial ap p 
' extending spirally down the parasite from the first of 2-3 rxeconoidal rings. 
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5.5 Effect of decontamination on excystation was examined to see what treatments could be used 
to decontaminate samples before excystation and culture. Oocysts were extracted, partially purified from 
a patients faeces by differential centrifugation, and treated with 11 chemical solutions overnight (17 
hours) at 4°C. There was no excystation after 1% sodium hypochiorite overnight, but there was after only 
10 minutes treatment. Excystation was observed after all the other treatments except 1% hydrogen 
peroxide (Table 5.5.1). 
Table 5.5.1 The effect of various treatments on the excystation of Cryptosporidium oocysts 
Sporozoites seen 
Hanks solution (overnight) + 
Distilled water (overnight) + 
1% sodium hypochiorite (overnight) - 
1% sodium hypochlorite (10 minutes) + 
N hydrochloric acid (overnight) + 
N/10 hydrochloric acid (overnight) + 
2% Hycolin (overnight) + 
0.5% Hycolin (overnight) + 
2% sodium hydroxide (overnight) + 
0.1% potassium permanganate (overnight) + 
1.25% glutaraldehyde (overnight) + 
1% hydrogen peroxide (overnight) 
phenol saline (overnight) + 
The ability of oocysts to remain viable, or at least to excyst, following harsh acid, alkali, and disinfectant 
treatments Indicated a variety of treatments could potentially be used to decontaminate faecal samples 
for subsequent culture work. Some Investigators have used the percentage excystation to give a more 
accurate indication of the effect of agents or temperature on oocyst viability (Smith, 1990). In this study, 
percent excystation was not used, and only the production of motile sporozoites was determined. The 
experiment was carried out at 4°C because warmer temperatures might encourage oocysts to excyst 
during decontamination. For subsequent culture experiments 1.75% sodium hypochiorite for 12 minutes 
was used as a decontamination stage in egg and tissue culture. 
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5.6 Egg culture., Two experiments were conducted to try to culture Cryptosporidium In hen's eggs. 
In the first experiment C. arv m oocysts were purified from human faeces, and these were taken to the 
Houghton Poultry Research Centre, where they were used to Inoculate 24,10 day old Rhode Island Red 
eggs. A further 24 were Inoculated with oocysts from a laboratory culture of C. bailevi, originally Isolated 
by Dr Current. Excystation of oocysts, and egg Inoculations, were conducted with Dr Martin Shirley, who 
also examined the eggs for evidence of infection. C. baileyi grew well in all viable eggs, but rvum 
failed to grow In any. In a second experiment performed at Brighton PHL, oocysts from 9 patients were 
excysted, and used to Inoculate the chorio-allantoic membranes of 21,10 day old Rhode Island Red 
chicken embryos. Only 6 of the embryos were viable 7 days after inoculation, and none of these showed 
any evidence of Infection. These experiments were preliminary attempts at culturing C. parvum In eggs, 
and the failure to reproduce the results of Current & Long (1983) was curious. There Is some suggestion 
that chicken eggs differ in their ability to support C. 1arvum growth (Current, personal communication), 
and Blagburn et al (1989) found neonatal mice better than chicken CAM, for growing arvu for use 
In testing anti-cryptosporidial agents. Although others have succeed in culturing C. parvum, the failure 
of these Initial experiments suggested that egg culture was unlikely to be useful for growing and 
maintaining C. parvum isolates for the purpose of typing. ' 
5.7 Tissue culture. Two experiments were done In which Flow 2000 cells, Vero cells, and Int 407 cell 
lines were Inoculated with excysted sporozoites. In no case were any sporozoites seen to attach to, or 
grow In, any of these cells. It Is unclear why excysted sporozoites did not grow in these cell lines, while 
other workers have achieved success (Current & Haynes, 1984; McDonald et al, 1989). It has been 
shown that relatively few sexual stages are produced, and autoinfection does not occur (McDonald et 
al, 1989), and usually more Cryptosporidium oocysts are inoculated Into tissue cultures, than are 
obtained when the cultures grow, Indicating that this system Is unlikely to be useful for obtaining 
reasonable amounts of material for typing purposes. Further work was limited by difficulty In obtaining 
purified samples of oocysts. 
5.8 Long chain fatty acids. Long chain fatty acids in oocysts were examined for any unusual 
molecules which could be of value in speciating or typing isolates. Oocysts of Cryptosporldium aß rvum 
were purified from calf faeces by David Blewett, were washed, counted and checked for microbial 
contamination at Brighton, and were examined using gas-liquid chromatography, by Robin Wait of the 
PHLS Centre for Applied Microbiology and Research. Long chain fatty acids were demonstrated (Figure 
5.8.1) which were not detected in cultures of the contaminating organisms. The relative biomass of 
contaminants was less than 1% of the Cryptosporidium biomass. The proportion of each peak was 
determined using a capillary column (Figure 5.8.2), and the identity of the peaks was made using a mass 
spectrometer. The main fatty acids identified were 14: 0,15: 0,16: 0,17: 0,18: 0,18: 1,18: 1 e9, and 18: 2 
(Figure 5.8.3). The cryptosporidium oocysts studied had long chain fatty acids which were similar to 
those reported for other protozoa (Table 5.8.1), and did not show any unusual peaks which could be 
useful for typing strains. The technique was limited by difficulties In obtaining purified oocyst suspensions 
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Figure 5.8.1 Gas chromatography of the long chain fatty acids of Cryptosporidium oocvsts. 
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Figure 5.8.2 Capillary column chromatography of the long chain fatty acids of Cryptosporidium 
oocysts. 
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Figure 5.8.3 Mass spectrometry of the long chain fatty acids of CrYetosgoridium oocysts. 
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from faecal samples, and it was not thought to be likely to be useful for the differentiation of clinical 
isolates. 
Table 5.8.1 The long chain fatty acids of protozoa 
rý 
Trypanosoma rhodesiense 
Trypanosoma lewisi 
Crithidia fasiculata 
Leishmania donovani 
Leishmania tropica 
Leishmania enrettil 
Entamoeba Invadens 
Cryptosporidlum parvum 
Percentage of long chain fatty acids 
12: 0 13: 0 14: 0 15: 0 16: 0 16: 1 17: 0 17: 0 18: 0 18: 1 18: 2 18: 3 20 22 24 
iso iso poly poly 
T 19 T 13 5 38 0.4 6 16 
2 16 2 22 26 26 T T T 
0.6 0.2 5 2 4 1 2 1.11 26 10 17 1 11 
0.2 0.1 3 2 8 0.2 14 25 30 15 
0.2 0.1 3 2 8 0.1 10 32 28 16 
T 0.4 5 3 9 7 24 23 20 
7 8 7 0.6 56 6 8 
4.5 1 43 1.7 39 10 1 
Figures from parasites other than Cryptosporidium were obtained from Gutteridge & Coombs (1977). 
r 
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5.9 Lectin agglutination. Lectins are proteins and glycoproteins that attach to sugar moieties and can 
cause the agglutination of particulate suspensions (Leiner et al, 1986). The specificity of these reactions 
has be utilised in the grouping of blood cells, and the purpose of this experiment was to see if oocysts 
bore any surface sugars, which could be detected using lectins, and used for typing, or in oocyst 
purification. - 
Agglutination of oocysts on glass slides gave only a single positive reaction with Ulex europaeus, and 
when repeated this reaction proved to be an artifact of the technique, as oocysts can accumulate in 
places on the slide to give the appearance of agglutination. I 
Table 5.9.1 Lectin agglutination of Cryptosporidium oocysts 
Species producing lectin 
Dolichos biflorus 
Limulus polyphemus 
Helix aspersa 
Canavalia ensiformis (Con A) 
Bandeiraea simplicifolia (BS II) 
Caragana arborensis 
Arachis hypogaea 
Agglutination of oocysts 
Glycine max 
Ulex europaeus UEA I 
Ulex europaeus UEA II 
Lens culinaris 
Phaseolus vuigaris - 
Solanum tuberosum - 
Phytolacca americana - 
This experiment was negative, showing either that agglutination was not possible using this technique, 
that the lectin dilution was too concentrated or too dilute to give a reaction, or that the oocysts did not 
have any lectin binding sugars on their outer surface. As the experiment required a concentrated, 
purified suspension of oocysts, this technique would be difficult to use for testing clinical samples, and 
the limited supply of purified oocysts made further experiments using this method impossible. More 
recently, this technique was used to examine ooCyst agglutination with lectins, and Con A gave a 
positive reaction (Kuhls et al, 1991; not reported in abstract). 
245 
5.10 Lectin staining using FITC. An oocyst sample was tested for binding of FITC labelled lectins to 
see If this could be used to demonstrate surface sugars on oocysts. Of the six lectins tested, only 
Canavalla ensiformis (Con A) showed strong fluorescence with Cryptosporidium oocysts, and with some 
of the background material. This experiment showed that oocysts contain a-D-man or a-D-gic sugars 
on their outer surfaces which will bind Concanavalin A. As this Is one of the lectins found to be negative 
in the previous experiment, It seems likely that the previous experimental technique was not capable of 
detecting the binding of lectins. Kuhls et al, (1991), found the ability of sporozoites to form schizonts In 
Int 407 tissue cultures was Increased when Con A was added, but this effect appeared to be due to 
binding of Con A to the tissue culture, and not to the sporozoites. 
-r 
Table 5.10.1 Fluorescence of oocysts stained with FITC labelled lectins 
Lectins Fluorescence of oocysts at 10µg/mI dilution 
Bandeiraea simplicifolia 
Concanavalin A+ 
Dolichos biflorus - r. 
Helix pomatia - 
Phaseolus vulgaris - 
Phytolacca americana - 
5.11 Review of the experiments so far. The Initial aims of this project were firstly, to provide a source 
of clinical material with which to work, and a source of Infected patients who could be used to examine 
the epidemiology of cryptosporidiosis, and secondly to try to grow isolates which could then. be 
examined using traditional typing techniques (biochemistry, Immunology, genetics). The first aim was 
satisfied by the demonstration of Cryptosporidium oocysts In many patients, although the amount of 
material was limited because most patients submitted small faecal samples, and many of the samples 
had low oocyst counts. The epidemiology relating to these patients Is presented in Chapter 6. of this 
thesis. The second aim, to grow Cryptosporidium, was unsuccessful using egg culture, and tissue 
culture, and it was decided that this second aim should be abandoned, and an alternative approach 
adopted. The problems of producing enough material for typing could be reduced if oocysts extracted 
from faeces could be typed without resorting to culture. This could be achieved using microscopy with 
Isolate specific antibodies, with the detection of parasite specific molecules using gas chromatography 
and mass spectrometry, or by electrophoresis of Isolate specific antigens. The use of lectins was limited 
by the lack of Cryptosporidium specificity, and GC: MS was limited by the necessity of pure oocysts. For 
these reasons it was decided that western blotting of antigens would be the best technique for 
demonstrating differences In Isolates. 
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5.12 Results of electrophoresis and western blotting 
This section presents the results of experiments to develop and use a western blotting technique for 
examining Isolates of Cryptosporidium oocysts. The purpose of typing Isolates was to examine the 
epidemiology of infections In greater detail, and to Improve the understanding of the species of 
Cryptosporidium. Western blotting is a technique widely used In biological research to detect proteins 
(Freifelder, 1987), and was chosen because it was thought that this could be used to differentiate 
isolates without Isolating them in a completely pure form, making the technique applicable to larger 
numbers of Isolates. 
5.13 Polyacrylamide gel electrophoresis of extracted oocyst antigens was conducted to try to show 
common bands between extracts which might be Cryptosporidium antigens, and to set up the western 
blotting system. 
Using duplicate 10% polyacrylamide gels, oocyst extracts from the faeces of four patients were shown 
to have up to 24 bands when stained with Coomassle blue, and up to 43 bands using silver staining 
(Figure 5.13.1), and these were converted Into molecular weights via relative mobilities (Rf) (Table 5.13.1 
and Figure 5.13.2). Common bands were seen at around 75 kDa, 51 kDa and 38 kDa, and there was 
a prominent band at 23 kDa. The large number of bands which were not common to the four patients 
made interpretation of the gels difficult, and many of these were thought to be from other faecal 
organisms present In the samples. In a further experiment, the 23 kDa band was present even when the 
sample was Inoculated at a 1: 100 dilution (Figure 5.14.1). Two other common bands were seen which 
were less than 20KD. In a third experiment performed at DMRQC, Colindale, by Dhan Samuel, a purified 
oocyst suspension of calf oocysts was extracted using the same techniques, and gave bands at 
molecular weights of approximately 186,146,122,103,95,85,54,44,25 , 20, and 18 kDa, with the 
strongest bands at 146 and 122 kDa (Figures 5.13.3,5.13.4 and Table 5.13.2). 
Ungar & Nash (1986), Lumb et all (1989). Hill et al (1989), and Riggs et at (1989) have all demonstrated 
a 23 kDa Cryptosporidium antigen, and Mead et at (1988), and Cho (1989), both demonstrated 20 kDa 
antigens which are probably the same molecule. Luft et all (1987), and Lazo (1986), both detected 
Cryptosporidium antigens of around 75 kDa, and Lumb et al (1989), and Tilley et al (1990), demonstrated 
antigens of 37 kDa, but there have been no previous reports of bands at 51 kDa, although Lumb et all 
(1989) showed one at 49 kDa. These experiments indicate that, despite the semi purified nature of the 
parasite preparation, it was still possible to demonstrate Cryptosporidium proteins using silver staining, 
amongst the proteins of the contaminating faecal flora. 
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Fissure 5.13.1 Silver stained polyacrylamide gel of proteins from Crvptosooridium oocvsts 
separated by electrophoresis following extraction by heating at 100°C with SDS and 2- 
mercaptoethanol. 
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8/4241 
8/4457 
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There are common bands at 75,51,38, and 23 kDa. 
Figure 5.13.2 Graph of the relationship between Rf value and molecular weight for Figure 5.13 1 
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Table 5.13.1 Measurements of silver staining protein bands from Cryp tosp oridium (Figure 5.13.11 
Molecular weight Standards (KDa) ISO 116 84 58 485 36.5 26.6 Dye 
Measurement (mm) 3.5 8 12.5 17.5 21.5 32 37.5 57 
Rf value 0.061 0.14 0.219 0.307 0.377 0.561 0658 
Cryptosporidium bands Common bands Dye 
Measurement mean (mm) 8/5111 14 19.5 30 38.5 56 
8/3455 14.5 19 29.5 39 57 
8/4241 14.5 20.5 31.5 41 59.5 
8/4457 14 20.5 30.5 40 58.5 
Rf value 8/5111 0.25 0.348 0.536 0.687 
8/3455 0.254 0.333 0.517 0.684 
8/4241 0.244 0.344 0.529 0.689 
8/4457 0.239 0.350 0.521 0.683 
Molecular weight (kDa) 8/5111 75 51 38 23 
8/3455 74 52 40 23 
8/4241 76 51 39 23 
8/4457 78 50 39 23 
Figure 5.13.3 Silver stained polyacrylamide gel of proteins from Cry ptospori dium oocysts 
separated by electrop horesis following extraction by heating at 100°C with SDS and 2- 
mercaptoetha nol 
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Table 5.13.2 Measurements of silver staining protein bands from Cryptosporidium (Figure 5.13.3 
Molecular weight Standards (kDa) 200 116 97.4 66 423 21 Dye 
Measurement mean (mm) 5.75 12.25 15.75 23.5 31 4535 49.5 
Rf value 0.116 0.247 0.318 0.475 0.626 0.924 
Cryptooporidium bands Bands Dye 
Measurement mean (mm) 6.875 9.875 11.875 14.0 16.625 19.0 28.625 30.5 42.75 46.25 47.833 49 625 
RI value 0.138 0.108 0.239 0.282 0.335 0.382 0.536 0.614 0.861 . 0.932 0.984 
Molecular weight (kDa) 186 146 122 103 95 85 54 44 2S 20 18 
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Figure 5.13.4 Graph of the relationship between Rf value and molecular weight for Figure 5.13.3 
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5.14 Western blotting. Two techniques of blotting were used. The first was a wet technique, and the 
second a semi dry one. Duplicate gels were blotted onto nitrocellulose, and the transfer using the semi 
dry technique was shown to be effective by silver staining one gel before, and one after blotting (Figure 
5.14.1 & 5.14.2). The post blotting gel was shown to retain little protein material. Both blotting techniques 
gave effective transfer, but the semi dry technique was adopted for most experiments because of its 
ease of use, the speed of transfer of proteins, and the small volume of buffer required. In some runs, 
there was poor transfer of high molecular weight proteins, which was thought to be due to old buffer 
in one case and an insufficient transfer current in another. In the published literature on Cryptosporidium, 
there is some evidence for variability in the antigens detected by western blotting. Calf antibodies bound 
to Cryptosporidium oocyst bands from calf faeces, and these had MW's of between 60 and 330 kDa 
(Lazo et al, 1986), whereas a 23 kDa antigen was demonstrated by Ungar & Nash (1986), and 23 and 
15 kDa antigens were seen by Hill et al (1989). These differences may be due to different antibody 
responses to infection, or to differences in the efficiency of transfer of antigens from acrylamide to 
nitrocellulose, with different systems giving better transfer of low or high molecular weight antigens. Low 
molecular weight antigens may pass through nitrocellulose if a high current is applied for too long a 
period, and high MW antigens may fail to reach the nitrocellulose if there is too low a current, too short 
a transfer time, or suboptimal buffer conditions. 
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Figure 5.14.1 Silver stained polyacrylamide gel of proteins from Cryptosporidium oocysts 
separated by electrophoresis. 
E coli 10418 
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Figure 5 . 14.2 
Silver stained polyacrylamide gel of proteins from Cryptosporidium oocysts as 
above. but following western blotting, showing little remaining antigen in the gel 
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5.15 Staining blots. Several staining techniques were used to examine the blots of Cryptosporidium 
antigens, so that the most sensitive and specific technique could be developed. The most sensitive and 
specific method proved to be the Cryptosporidium monoclonal MAB-C1 labelled with FITC, followed by 
the alkaline phosphatase labelled anti FITC monoclonal, and development of colour using BCIP and 
NBT. Using MAB-C1 followed by gold labelled anti mouse IgM, and staining the gold bands with IntenSE 
silver enhancement reagent, similar, results were achieved, but there was slightly more background 
staining. In a direct comparison of the alkaline phosphatase system with a peroxidase system, the 
peroxidase system produced no specific staining at all. It is likely that this system was not optimised, 
that Is the amounts of antibody used were not ideal. The alkaline phosphatase system was used 
successfully to demonstrate human and rabbit antibody, and FITC labelled Concanavalin A binding, and 
the gold technique was used to demonstrate bovine antibody. Blots developed without phosphatase 
labelled antibody showed no staining, confirming that the staining bands were not due to a heat resistant 
phosphatase In the faecal samples, and blots with no primary antibody showed no banding, Indicating 
that there was no nonspecific binding of the secondary antibody. Two FITC labelled monoclonal 
antibodies against bacteria were used as controls of the primary antibody. FITC anti Legionella 
pneumophila Sgt MAB, and FITC anti Listeria monocytogenes MAB, were both tested using blots of 
Cryptosporidium antigens, and neither showed any specific band staining, although the Listeria MAB was 
known to be a particularly 'sticky' antibody, and produced strong background staining over all the 
nitrocellulose. Three other anti Cryptosporidium monoclonal antibodies were tested using alkaline 
phosphatase labelled anti mouse antibody. No bands were demonstrable with the Merifluor MAB in an 
Identical blot to one giving strong banding with FITC MAB-C1. This may have been due to insufficient 
primary antibody, or possibly that this monoclonal is against a heat labile antigen or epitope. A gold 
labelled Protein A technique failed to detect any bands using two different anti Cryptosporidium 
monoclonal IgG, antibodies. These may also have been antibodies against heat labile antigens or 
epitopes, or the titre of antibody used may have been wrong. 
5.16 Lectin staining of western blots. From earlier experiments, and from published accounts (Luft 
et al, 1987; Tilley & Upton, 1989), Cryptosporidium antigens are known to have some lectin binding 
activity, and this experiment was to demonstrate these antigens In extracts, to see If they had any 
potential for typing Isolates. Four FITC labelled lectins were tested for their ability to bind to 
Cryptosporidium antigens. A large number of bands were found to stain with Concanavalin A, and 
several were identical to bands produced from the antibodies of patients with cryptosporidiosis (Figure 
5.16.1), and some of which were not. A control E. coli also gave bands which bound Con A. There were 
no specific staining bands with Phytolacca, Dolichos, or Bandeiria lectins. This expertment showed that 
some heat extracted oocyst antigens bound Concanavalin A, indicating that this may be a useful way 
of differentiating between Isolates, but the presence of bands In the E. coli control suggests there might 
be practical limitations If this technique were used for typing, due to background staining from antigens 
of faecal material or organisms. Luft et al (1987) found oocyst and sporozoite antigens bound five of 
seven lectins examined (D. biflorus agglutinin, Concanavalin A, wheat germ agglutinin, R. communis 
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agglutinin, and soybean agglutinin), and in all cases there was specific inhibition of binding by the lectin 
specific sugars. 
Figure 5.16.1 Western blot of antigens binding Concanavalin A. It is unclear whether these bands 
represent Cryptosporidium antigens, or antigens from the faecal flora. The E. coli control shows 
bands which stain strongly with ConA. 
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5.17 Antigen extraction. An experiment was performed to determine the optimum means of oocyst 
antigen extraction. Oocysts were extracted from faeces both with and without ether, and then heated 
for 30 minutes at 35°C or 50°C, and for 5 minutes at 100°C. More antigen was detected from samples 
extracted at 100°C than at the other two temperatures, and there were more clearly staining lower 
molecular weight bands (Figure 5.17.1). There was some antigen spillage between lanes in this gel. . 
Oocysts extracted with ether gave better banding than those extracted without. Up to eight bands were 
seen, with four out of five being strongly staining. A second experiment with antigens from four samples 
extracted at 35°C, one at 30°C, and one at 50°C, showed antigen extraction was poor at 30-35°C (Figure 
5.17.2). From this experiment it was decided that ether extracted oocysts, heated at 100°C gave the 
optimum MAB-Cl binding antigen extraction, and this treatment was used in all further experiments. 
Figure 5.17.1 The effect of heat on oocyst antigen extraction. 
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Figure 5.17.2 Oocyst antigens from five samples extracted at 35°C for 30 minutes. and one at 50°C 
for 30 minutes. Note the poor staining of antigens extracted at 35°C. 
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5.18 Stability of the antigen detected by MAB-C1. Faecal samples for parasite investigations may 
be stored in potassium dichromate, formalin, or unpreserved at 4°C. Potassium dichromate is an 
oxidising agent used to preserve oocysts while reducing the numbers of viable bacteria (Willson & Acres, 
1982), and formalin and glutaraldehyde give good preservation of ultrastructural details by cross linking 
proteins. Both these techniques are likely to affect protein antigens, but as oocysts remain viable at 4°C 
for between 6 months and a year (Nacirl et at, 1984; Henriksen, 1988), it was thought that the oocyst 
antigens would also remain Intact. To test for the stability of the MAB-C1 binding oocyst antigen, oocysts 
of varying ages were examined using two staining techniques. Faecal samples stored at 4°C for up to 
three years were examined microscopically for the presence of oocysts by staining with phenol auramine 
(Nichols & Thom, 1984) and FITC MAB-C1 (McLauchlin et at, 1987). Of 87 specimens examined using 
both staining methods, a total of 83 were positive by both methods, 75 were positive with MAB-C1, and 
70 were positive with auramine. Six of the MAB-C1 samples were positive only after repeating the 
staining. All 17 samples that were less than 1 month old when examined, were positive using both 
methods. Over 80% of samples stored for between one month and three years had good MAB-C1 
staining, compared to only 70% of auramine stained samples over one year old, and 60% over two years 
old (Figure 5.18.1). In some samples in which the auramine was positive and the MAB-C1 was negative 
the oocysts were present in very small numbers. In many of the samples in which the auramine was 
negative and the MAB-C1 was positive the oocysts were present in large numbers, but had excysted, 
leaving empty oocyst walls staining with the monoclonal antibody. The aqueous staining technique 
allowed some faecal material to detach from the glass slides, causing some false negative reactions. A 
few samples were consistently negative with MAB-C1, but were positive when the faecal material was 
diluted. The sensitivity of oocyst detection with both stains was found to be between 800 to 1000 
oocysts per gram. In slides that were stained with both auramine and MAB-Ci, it was common to find 
oocysts present that did not stain with auramine, but which did stain with the monoclonal. In spite of the 
fact that oocysts which were strongly auramine positive were so bright that fluorescein staining could 
not be seen, the mean count of oocysts showed a higher percentage of MAB-C1 staining than auramine 
staining. This experiment showed that despite oocyst loss of Integrity (auramine staining), the oocyst 
wall to which MAB-C1 attaches remained antigenic for more than two years at 4°C. There was no loss 
at all of MAB-C1 staining over a one month period of storage. 
" 5.19 Oocyst numbers in faecal samples using auramine and MAB-Ci. In the previous experiment 
both auramine and MAB-C1 were used for the detection of oocysts, and a further experiment was 
performed to determine the number of oocysts in stored faecal samples using dilutions of faeces 
distributed onto 8 mm diameter areas of slides, and staining with auramine followed by MAB-C1 (Figure 
5.19.1). The number of oocysts staining by the two individual techniques was determined, a total count 
per gram of faeces was estimated, and the percentage of oocysts staining by the two techniques was 
determined (Table 5.19.1). As with the previous experiment some samples did not stain with auramine, 
and some did not stain with MAB-C1, despite having been originally identified using auramine, and 
confirmed using MAB-C1. The counts ranged from <103 to 5X 10° oocysts per gram of wet faeces, and 
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auramine detected only 46% of the oocysts seen. 
Table 5.19.1 Count of Cryptosporidium oocysts in faeces by combined auramine and MAB-C1 
inin 
Lab number Auramine Auramine negative Total oocysts Oocysts per % Aüramine 
stained oocysts MAB-C1 positive gram of faeces positive 
oocysts 
1111 1 3 4 3000 25 
1230 60 131 191 159000 31 
1740. 2 1 3 2000 67 
1770 0 20 20 16000 0 
1788 0 25 25 20000 0 
1946 373 374 747 622000 50 
1805 0 0 0 <1000 
1860 0 0 0 <1000 
1870, 3630 2541 6171 5140000 59 
1884 45 521 566 471000 8 
1893 18 0 18 14000 100 
1894 112 440 552 459000 20 
1914 218 871 1089 907000 20 
1923 3 0 3 2000 100 
1945 610 479 1089 907000 56 
1947 2650 0 2650 2207000 100 
1948 90 3076 3166 2637000 2.8 
1953 1 1122 1123 935000 0.1 
2266 35 11 46 38000 76 
2273 7 12 19 15000 37 
2433 1 5 6 5000 17 
2434 2 3 5 4000 40 
2503 632 225 857 713000 74 
4349 122 186 308 256000 40 
4396 577 48 625 520000 92 
Mean 350 374 724 677792 46 
All specimens were stored at 4°C for more than one month. 
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Figure 5.19.1 Oocysts of C. parvum stained with auramine followed by MAB-C1 Note that the 
tests which stain with MAB-C1 (green) are smaller than those staining with both MAB-C1 and 
auramine indicating that they have collapsed or excvsted (X 1,800) 
5.20 Determination of the site of MAB-C1 binding in oocysts 
Using immuno-electron microscopy, excysted oocysts were stained with MAB-Ci followed by 1 Onm gold 
labelled anti mouse IgM (µ chain specific) to determine the antigenic binding sites. Antibody was shown 
to adhere fairly evenly to the outside of the oocyst wall (Figure 5.20.1), to the sutures (Figure 5.20.2), 
and attached to material which extended up to 0.15 µm from the visible oocyst surface. There was little 
antibody binding in areas of the grid that did not contain oocysts, but there were small patches of bound 
antibody near excysted oocysts (Figure 5.20.2). This experiment showed antigen is present at the oocyst 
surface, but extends for up to 0.15 µm from the oocyst wall when treated with Triton X 100. The average 
length of fully extended peptides ranges from 1000 to 5000 A (Freifelder, 1987), or 0.1 to 0.5 pm. This 
indicates that the antigen is within the expected length range of peptides, although it does not rule out 
polysaccharide antigens. 
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Figure 5 20 1 Oocysts staining with MAB-C1 followed by 10 nm gold labeled anti mouse kMj me 
MAB binding antigen appears to be evenly distributed over the outside of the oocrst III OC 
12 . 500). 
rte . 
Figure 5.20.2 An oocvst wall following excystation. showing gold labelled anti mouse antibody 
binding to MAB-C1 attached to the oocyst wall and extending up to 0.15 um from the wall surface 
15.500). 
t 
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5.21 Determination of the distribution of MAB-Ci binding antigen in histological sections. Four 
separate techniques were used to stain histological sections from formalin fixed, and paraffin embedded 
small intestinal tissue from an infected lamb, kindly provided by Ken Angus of the Moredun Institute. The 
techniques used were directly conjugated FITC MAB-C1 (Figure 5.21.1), directly conjugated 
aminocoumarin MAB-C1 (Figure 5.21.2), indirect staining with MAB-C1 followed by gold labelled anti 
mouse IgM (µ chain) and IntenSE silver enhancement (Figure 5.21.3), and MAB-C1 followed by 
horseradish peroxidase labelled anti mouse IgM (Figure 5.21.4). All techniques showed specific surface 
staining of various developmental stages, and in some stages there was strong staining of the internal 
components (Figure 5.21.2 and 5.20.3), and other stages there was intense staining of the attachment 
organelle (Figure 5.21.1 and 5.20.4). Other stages showed staining of what appeared to be the contents 
of the parasitophorous vacuole (Figure 5.21.4). Early trophozoites did not stain (Figure 5.21.5), but it was 
not possible to unequivocally identify most developmental stages in these histological sections. This 
experiment showed that oocysts are not the only developmental stage containing the antigen binding 
MAB-C1, and although present on the surface of oocysts, the antigen is present throughout most of the 
life cycle, and is not limited to the parasite surface. The intense staining at the site of the attachment 
organelle may be due to the oocyst wall generating from this site (see Figure 5.22.8). 
Figure 5 21 1 Specific staining of Cryptosporidium parasites at the surface of villi of an infected 
Iamb. Note the absence of fluorescein staining within the lamb tissue. 
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Figure 5.21.1 C. parvum growing on the villus of an infected lamb. Paraffin section stained with 
directly conjugated FITC MAB-C1. Note the intense staining of the base of the parasite at the 
centre of the picture. 
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Figure 5 21 2C Qarvum growing on the villus of an infected lamb. Paraffin section stained with 
directly conjugated aminocoumarin MAB-C1. Note the surface staining of most parasites, but 
Figure 5.21.3 C. parvum growing on the villus of an infected lamb. Paraffin section stained with 
MAB-C1 followed by gold labelled anti mouse IgM, and IntenSE silver enhancement. Surface 
staining can be clearly seen, together with unstained early trophozoites. 
f 
% 
#-0 
JAC 
Figure 5.21.4 C. parvum growing on the villus of an infected lamb. Paraffin section stained with 
MAB-C1 followed by horseradish peroxidase labelled anti mouse IgM, and developed using 3 3'- 
diaminobenzidine. Note the surface staining, and parasite base staining, together with unstained 
trophozoites. 
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5.22 The ultrastructural appearance of C. parvum. Electron micrographs were made from a thin 
section of mouse small Intestine prepared by Alan Curry, to look for details of the parasite ultrastructure. 
Details of the life cycle stages are presented in Chapter 1 (Figures 1.2.7 - 1.2.24). Intrapellicular 
microtubules were seen which were similar to those seen by Uni et at (1987) In C murls (Figures 5.22.1; 
5.1.2). They appear In cross section in merozoites which are bisected, and have also been seen In 
merozoites which are sectioned longitudinally (Figure 5.22.3), appearing to be arranged in a loose spiral 
fashion around the merozoite. Their presence between the inner membrane complex and the 
plasmalemma suggests that they are involved in the flexing of zoites, and may also play a role in outer 
membrane movement. The Inner membrane complex Is probably composed of two membranes, but 
these are not clearly seen In most of the micrographs. The conoid and three preconoidal rings were 
seen In several micrographs (Figures 5.22.2; 5.22.4 & 5.22.5), and the conoid appeared to be membrane 
bounded. The polar ring was not prominent, but may be present (Figure 5.22.2), and In unexcysted 
merozoites the ring may be In a retracted position towards the top of the conoid. The numerous 
micronemes were seen to be aligned to a rhoptry duct (Figure 5.22.3), and the ducts pass through the 
conoid, to the apical cap (Figure 5.22.4). Rhoptries are membrane bounded (Figure 5.22.5). Asexual 
nuclear division appears to be by semi-open pleuromitosis, with the dividing nucleus having a flattened 
surface at the side opposite nuclear division. Division Is achieved by the action of microtubules 
connecting the nucleus with an osmiophilic area on the parasite cytoplasmic membrane (Figure 5.22.6). 
The annular ring, present in schizonts and gametocytes, appears to be derived from the conold (Figure 
5.22.7). and the membranes attached to it are important In the formation of the oocyst wall and the 
oocyst vacuole (Figure 5.22.8). The macrogametes produce electron lucent vacuoles which are probably 
amylopectin, and these vacuoles develop at the parasite surface In early macrogametes. 
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Figure 5.22.1 Cross section of merozoites within a type 1 schizont, showing intrapellicular microtubuies 
lying between the outer membrane and the inner membrane complex. (A64-, Ow) 
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Figure 5.22.2 Section through a schizont, showing the apical complex of one merozoite, and the 
intrapellicular microtubules of another. Note the apical cap, preconoidal rings, and conoid. There are 
microtubules associated with the preconoidal rings. The polar ring may be represented by the structure 
lying between the preconoidal rings and the conoid. (n 9o, oco) 
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Fiuure 5.22.3 A merozoite within a schizont, showing large numbers of micronemes, which surround 
a rhoptry duct. ýýc 3`11 o0o) 
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Figure 5.22.4 Longitudinal section of a merozoite, showing an apical cap, 3 preconoidal rings, and the 
duct of a rhoptry passing through to the apical cap. There is also a cross section through the conoid 
of another merozoite. (x 6TH 000) 
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Figure 5.22.5 Cross section through a merozoite, showing the conoid, preconoidal rings, apical cam, 
and rhoptries. The outer membrane passes over the apical cap, and inner membranes extend frorn the 
posterior part of the conoid. The rhoptries are membrane bounded, and there are fibres associated with 
o the conoid. ()K 12-07 co) 
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Figure 5.22.6 A developing schizont undergoing semi open pleuromitotic nuclear division. Note the 
flattened surface of the left hand nucleus, with microtubules extending from the nucleus to an 
osmiophilic area on the parasite cytoplasmic membrane. (x 4-3) coo) 
Parasitophorus vacuole 
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Figure 5.22.7 The base of a developing schizont, showing the annular ring, and the laminated Strohre 
making up the attachment organelle. (x r20, ß) 
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Figure 5.22.8 The base of a developing macrogamete, showing the annular ring derived from the 
conoid, and the early development of a membrane separating the gamete from the attachment organelle, 
which will form the oocyst vacuole. The attachment organelle has a laminated sheets or fibres which 
appear to pass through it at 45°. (x 131, o00) 
5.23 The genus specific nature of MAB-C1. This experiment was formulated to see if MAB-C1 and 
the Merifluor Cryptosporidium monoclonal were genus or species specific. Oocysts from C. muris from 
cattle, C. baileyi from chicken egg culture, and several isolates of C. parvum from calves, lambs, and 
humans were stained using phenol auramine, MAB-C1, and the Merifluor anti Cryptosporidium 
monoclonal antibody. All samples stained with auramine and MAB-C1, but the Merifluor antibody did not 
stain C. muris or C. bailevi (Figure 5.23.1 to 5.23.6). This experiment showed that the MAB-Ci was genus 
specific, detecting all three of the Cryptosporidium species so far tested, and the Merifluor antibody was 
species specific, detecting only C. parvum. These results are the same as those of Smith and Rose 
(1990). 
5.24 Determining the size and shape of Cryptosporidium oocysts. Oocysts seen in the previous 
experiment were measured microscopically using an eyepiece micrometer calibrated with a stage 
micrometer. From each stained smear, 20 oocysts were measured in two dimensions, and the shape 
index was determined by dividing the longest axis by the shortest. The results of this, and the previous 
experiment are shown in Table 5.24.1, and 5.24.2. There were clear size differences between C. parvum, 
C. muris, and C. baileyi, and clear shape differences between C. parvum, and C. baileyi and C. muris. There 
were no observed differences between C. parvum from lambs, calves and humans. 
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Figures 5.23.1 to 5.23.6 Oocysts of C. parvum C. baileyi. and C. muris stained with auramine and 
FITC labelled MAB-C1. 
5.23.1 C. baileyi - auramine stain 5.23.2 C. baileyi - FITC-MAB-C1 
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5.23.3 C. muris - auramine stain 5.23.4 C. muris - FITC-MAB-C1 
5.23.5 C. garvum - auramine stain 5.23.6 C. parvum - FITC-MAB-Ci 
Table 5.24.1 The size of Cryptosporidium oocysts from five hosts 
r 
Measurements in eyepiece graticule divisions (1 = 0.454µm) 
C. parvum C639 C. Darvum L450 C. parvum 8/3455 C. muris C. bailevi 
Axis Axis Axis Axis Axis 
Long Short Long Short Long Short Long Short Long Short 
11 10 12 11 12 11 17 16 13 10 
12 11 11 10 12 11 19 15 15 11 
11 11 11 10 12 11 20 15 14 11 
11 10 12 10 13 11 18 14 15 10 
12 10 11 10 12 11 19 14 13 12 
13 11 12 11 13 12 18 15 14 11 
12 11 12 10 13 12 16 14 13 12 
13 11 11 10 12 10 19 15 15 12 
10 8 11 10 13 11 19 15 13 12 
12 12 12 11 13 11 19 14 14 13 
12 12 10 9 12 10 20 15 14 11 
13 11 12 11 11 11 18 15 14 11 
13 11 11 11 11 10 19 15 14 13 
12 11 13 11 13 12 16 15 13 11 
13 11 12 11 12 11 19 15 14 14 
12 12 14 11 11 10 20 13 14 10 
12 11 12 12 13 12 17 13 13 12 
11 10 11 9 12 11 18 15 13 12 
12 11 12 11 12 12 18 14 14 11 
11 10 10 10 10 8 19 14 
11 8 11 11 12 10 20 13 
12 12 11 10 16 13 
12 12 12 12 17 14 
Mean 11.9 10.74 11.6 10.52 12.1 10.86 18.3 14.39 13.8 11.53 
Size 5.39 4.876 5.25 4.777 5.49 4.929 8.31 6.534 6.26 5.233 
Min 4.54 3.632 4.54 4.086 4.54 3.632 7.26 5.902 5.9 4.54 
Max 5.9 5.448 6.36 5.448 5.9 5.448 9.08 7.264 6.81 6.356 
Shape index 1.105 1.099 1.113 1.271 1.196 
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i Table 5.24.2 The size. shape and staining reactions of Cryptosporidium spp 
Sample Host Size (µm) Shape index Volume Auramine MAB-C1 Merifluor 
(Length/Width) (µm3) 
C. baileyl Chick 6.39 X 5.21 1.20 231 + + - 
C. muris Calf 8.55 X 6.79 1.27 525 + + - 
C. parvum Calf + + + 
C447 
C. parvum Calf 5.39 X 4.88 1.10 171 + + + 
C639 
C. parvum Lamb 5.25 X 4.78 1.10 160 + + + 
L450 
C. parvum 87 Human 5.49 X 4.93 1.11 178 + + + 
3455 
C. parvum 88 Human + + + 
3642 
5.25 Polyclonal antibody binding in western blots. Antibody obtained from a rabbit Inoculated with 
arvum oocysts was used to stain an unblocked blot (no treatment with milk/BSA) of oocyst antigens 
from three patients (Figure 5.25.1). The 23KD antigen was seen in all three oocyst extracts, although one 
of the samples stained very weakly. There were many bands staining in the control E. coll lanes. A 
duplicate blot stained with MAB-C1, showed good banding only in the first sample, and strong staining 
of three bands in the control E. coli lanes (Figure 5.25.2). This experiment showed the Importance of 
blocking, as non specific staining can be achieved if it is omitted. It also showed polyclonal rabbit 
antiserum to be more sensitive, but less specific, for detecting Cryptosporidium antigen than MAB-Ci. 
This experiment was repeated using blocking, with two duplicate blots, and eleven human Isolates 
(Figure 5.25.3 and 5.25.4). The bands seen in the MAB-C1 stained blot were also present in the rabbit 
antibody stained blot but were less distinct, and were amongst other staining bands. Eight of the 
samples showed specific staining of an approximately 220,000 KD. pand In the MAB-C1 stained blot, and 
ten of the samples in the rabbit stained blot showed staining of this band, and only six showed staining 
of the 23,000 KDAantigen. Six of the samples on the MAB-Ci blot showed four other identical bands at 
>300,000 KDp, 140,000 KD* 95,000 KDV and 82,000 KD$, and there were no differences between samples, 
except for the amount of antigen present. This banding was identical to that seen In previous 
experiments. 
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Figure 5.25.1 Western blot of three oocyst extracts stained with rabbit anti Cryptosooridium 
antibody and AP labelled anti rabbit antibody. Note common banding in all three samples at 23-25 
8/3455 8/1050 
air 
116 kDa 
84 kDa 
58 kDa 
48.5 kDa 
36.5 kDa 
26.6 kDa 
Figure 5.25.2 Western blot of the same oocyst antigens used above. but stained with MAB-C1 and 
AP labelled anti FITC. 
8/3455 8/1050 8/5111 
MW 
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ýr 
I. 
- a- 
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MW 
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Figure 5.25.3 Oocyst extracts from nine human isolates of Cryptosporidium. Western blot stained 
with MAB-C1 and AP labelled anti FITC. 10% Acrylamide. 20 mA for 90 minutes. 
+ 
e 
0$ 
r 
I , dPW i 
C 
k 
Human 8/3455 
Human 8/4241 
Human 8/4302 
SDS7B MW Standards 
Human 8/1050 
Human 8/5111 
Human 8/4457 
Human 8/1947 
SDS7B MW Standards 
Human 8/1948 
Human 8/1805 
Figure 5 . 25.4 As above, 
but stained with rabbit anti Cryotosporidium antibody and AP labelled anti 
rabbit. 10% Acrylamide, 20 mA for 90 minutes. 
+ 
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imp MM, It - 
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5.26 Testing isolates from different species of Cryptosporidium. The genus specific nature of 
MAB- 
C1 suggested the possibility, indeed probability, that species within the genus will give antigenic bands 
of differing molecular weight. This experiment was designed to explore the possibility of differentiating 
species using this technique. Using samples obtained from lambs, calves, a chick egg culture, and 
previously tested samples, duplicate blots were stained with MAB-C1 (Figure 5.26.1) and rabbit anti 
Cryptosporidium antibody (Figure 5.26.2). With the MAB-C1 bands for the chick egg culture, calf and 
lamb isolates were all different from the human isolate, and these differences were seen 
in the rabbit 
antibody stained blot, although less clearly. The band corresponding with the 140 kDa 
band of H3455 
from Figure 5.25.3 had a higher molecular weight in C. baile i, and an even higher one in both lamb and 
calf isolates. 
There are a number of reasons why these samples might produce bands of different molecular weight: 
1. There may be host derived components making up the antigens detected using this technique. 
Evidence from studies of the antigen distribution in histological sections, indicates that the antigens are 
synthesised inside the parasites, and are not present in host enterocytes. It is unlikely that host derived 
enzymes could penetrate inside the parasite to add carbohydrate or other groups to the peptides. 
Ultrastructural evidence suggests that the antigens are expressed on the outside of oocysts, and this 
wall material comes from the wall forming bodies 1 and 2 (Current & Reese, 1986). Host derived 
antibody attached to parasite antigen could cause differences in band migration. 
2. Enzymes from the host may digest protein, carbohydrate or lipid elements of the antigens on the 
outside of oocysts. Finding the same banding type in two different hosts would disprove this possibility. 
The resistant nature of the oocyst wall, and the longevity of the MAB-C1 binding antibody, make it 
unlikely that enzyme modification plays a part in the different banding patterns. 
3. Enzymes from the host microbial flora may digest protein, carbohydrate or lipid elements of the 
antigens on the outside of oocysts. If the same microbial enzymes are present in the flora of different 
hosts, then finding the same banding type in two different hosts would not necessarily be surprising. 
C. baile i had bands with a lower molecular weight than those of C. parvum isolates, and this isolate was 
grown in the absence of contaminating organisms, indicating the antigens had not been affected by 
microbial enzymes. 
4. The parasite may synthesise different proteins when growing in different hosts, due to the different 
immunological and biochemical conditions present. This can be determined by demonstrating the same 
type in more than one host. 
5. Because the parasite synthesises the MAB-C1 binding antigen at various stages of its life cycle, and 
the antigens produced in various stages may not be identical to the oocyst antigen, it is possible that 
non oocyst life cycle stages may be present in faecal samples, and these may carry MAB-Ci staining 
antigens of different molecular weights. Purifying oocysts sufficiently should reduce the likelihood of this, 
although thin walled oocysts may differ antigenically from thick walled ones. 
6. Banding patterns reflect differences between species of Cryptosporidium. This experiment showed 
different band patterns between a C. baileyi isolate, and six isolates of C. parvum. These six isolates may 
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Figure 5.26.1 Western blot of oocysts from several hosts stained with FITC labelled MAB-Cl and 
AP labelled FITC. Note the different banding between the human. calf. Iamb and chicken isolates. 
Human 8/3455 
I r"I 
ýx C. baileyi culture 
Calf 447 
Lamb 450 'f (l 
I Ii 
Calf 394 
Lamb 451 
1 11 SDS7B Standards 
26.6 36.5 48.5 58 84 116 kDa 
10% Acrylamide, 20 mA for 90 minutes 
Figure 5.26.2 As above, but stained with rabbit anti Cryptosporidium antibody and AP labelled anti 
rabbit. Note the correspondence of some of the bands with those in Figure 6.26.1. 
Human 8/3455 
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26.6 36.5 
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275 
represent three distinct species, as they had 3 distinctive band patterns. 
7. Different banding patterns may reflect differences between isolates and not necessarily species 
differences. In this experiment there were 3 banding types within C. parvum, but the differences between 
these 3 were less than those between them and C. baileyi. 
8. There may be MAB-Ci antibody binding antigens in samples which are not from Cryptosporidium at 
all. This can be tested by examining samples without Cryptosporidium oocysts to see if there is any 
specific band staining. 
Overall, this experiment showed that species C. baileyi could be clearly differentiated from C. parvum 
isolates using MAB-Ci western blotting of antigen extracts of oocysts. In addition isolates from humans, 
lambs and calves showed different banding patterns, which indicate that these may be different types 
or species. 
5 . 27 The sensitivity of the 
technique. Two gels were run with antigen extracts made from purified 
oocyst suspensions of which were counted in a Neubauer counting chamber. Good bands were 
obtained with suspensions containing 6X 106 per ml, but only one band was seen with 1X 106 oocysts 
per ml. To get good bands, between 200,000 and 600,000 oocysts in 10 pl are required for antigen 
extraction. It is reasonable to assume that the sensitivity of the technique could be increased by 
improvements in antigen detection using radiolabelled or light based reagents, by using a thicker width 
gel, and by improving the purification of oocysts from faeces. 
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5.28 The Ciyptosporidium specific nature of the test. Evidence from previous experiments 
suggested that specific banding obtained in blotting experiments was due to Cryptosporidium antigens, 
but it remained possible that the antigens being detected were from the bowel flora, or the host. For this 
reason, samples from patients without cryptosporidiosis were processed, and examined for any specific 
banding. The blotting experiment was repeated for a number of samples containing Cryptosporidium 
oocysts, with faecal samples containing Giardia lamblia, Entamoeba coli, Entamoeba histolytica, 
Endolimax nana, Campylobacter jejuni, Salmonella enteritidis, Shigella sonnei, Sh. boydii, and Candida 
albicans, and samples without any faecal pathogens. Of 24 Cryptosporidium negative faecal samples, 
including those containing known pathogens, none showed any specific banding. This showed the 
staining reaction was specific for Cryptosporidium spD. 
5.29 The effect of chemical and enzymatic treatment. It is possible that oocyst antigens may be 
modified by host or microbial enzymes, and it is also possible that the storage of oocysts in preservative 
solutions may affect the banding patterns of Cryptosporidium antigens. An experiment was designed to 
test the effect of a variety of reagents on oocyst antigens before extraction. Two samples of oocysts 
were treated with 7 solutions before oocyst antigen extraction using ether and boiling in extraction 
buffer. The solutions used were 0.01M sodium periodate for 24 hours at 22°C in the dark, 2.5% 
potassium dichromate for 24 hours at 22°C in the dark, 10% formalin for 24 hours at 22°C in the dark, 
0.25% trypsin for 30 minutes at 35°C, Streptococcus grouping extraction enzyme for 30 minutes at 35°C, 
1% sodium hypochlorite for 30 minutes at 35°C, and Proteinase K for 30 minutes at 35°C. The two 
samples showed consistently different staining band patterns from each other, with 88/5761 banding 
at a higher molecular weight than 87/4241 and the control 8 8455 (Figure 5.29.1 and 5.29.2). Periodate 
pretreatment gave reduced staining with 87/4241 but not 88/5761, and potassium dichromate gave 
reduced secondary band staining in both. The three enzyme treatments had no demonstrable effect on 
banding patterns. 
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Figure 5.29.1 The effect of chemical treatment on oocyst antigens before extraction - Sample 
8714241 
87/4241 88/5761 
0.01M sodium periodate p" 
2.5% potassium dichromate - 
10% formalin 
l 
Extract without treatment -1 
0.25% trypsin 
I 
Streptococcus grouping enzyme 
Tr 
SDS7B MW standards 
1% sodium hypochlorite 
r Proteinase K 
0w 
Control antigen 8 3455 
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5.30 Confirming antigen differences. The antigen bands detected may have been due to binding of 
the secondary antibody (AP-labelled anti FITC MAB) to bands, or to non Cryptosporidium antigens. 
Duplicate blots of calf, lamb and human isolates were stained with two different techniques. Firstly with 
MAB-Ci and gold labelled anti mouse IgM (µ chain specific), and visualising the gold binding with silver 
enhancement (Figure 5.30.1), and secondly with bovine polyclonal antiserum, and alkaline phosphatase 
labelled anti bovine antiserum (Figure 5.30.2). Gold binding was found at the same band sites as many 
of the bands detected in alkaline phosphatase labelled blots, but there were differences in the intensity 
of the bands. 
Figure 5.30.1 Western blot of antigens from calf, lamb and human isolates stained by MAB-C1 and 
gold labelled anti mouse IgM (µ chain specific), and visualising the gold binding with silver 
enhancement 
C477 
C. baileyi 
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26.6 36.5 48.5 58 84 116 180 kDa Standards 
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Figure 5.30.2 Western blot of antigens from calf, lamb and human isolates stained with bovine 
polyclonal anti Cryptosporidium antiserum, and alkaline phosphatase labelled anti bovine 
antiserum 
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C. baileyi 
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5.31 Crvptosporidium types 
The ability of the western blotting system to differentiate oocysts from different species of 
Cryptosporidium, and the demonstration of differences between isolates of C. parvum, initiated an 
experiment involving many western blots to examine many human, calf and lamb isolates, to see if there 
was any banding variation present. Up to 15 samples were run on a single gel, and band differences 
between samples were clear (Figure 5.31.1,5.31.2). Blots were read using a scanning densitometer, and 
the plots showed distinct differences between samples (Figure 5.31.3), but offered little advantage over 
the measurement of the bands from photographs of the blots. Of 76 samples containing 
Cryptosporidium oocysts, 54 showed one or more MAB-C1 staining bands (Table 5.31.4). Of the 62 
human isolates, 41 showed one or more bands. There were seven main banding patterns, which 
included four C. parvum isolates which were characterised by molecular weight measurement (Nichols 
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et al, 1991). Within these patterns there was some variation, and the lamb isolates of C. Darvum showed 
a different pattern from all the other isolates, but were not characterised by molecular weight. The 
variation shown with this technique appears to be real, but requires further testing of defined isolates 
in different hosts. The results show variations between isolates of C. parvum which have also been 
demonstrated using restriction fragment length polymorphism analysis of bovine and human isolates of 
C. parvum (Ortega et al, 1991), and differences between monoclonal antibody binding in four isolates 
have been demonstrated (McDonald et al, 1991). 
Figure 5.31.1 Blot of a gel of Cryptosporidium antigen extracts stained with FITC labelled MAB-C1 
and AP labelled anti-FITC MAB. 
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Figure 5.31.2. Blot from 11 oocyst samples from humans and calves. stained with FITC-MAB-C1 
and AP-anti FITC MAB. Note the differences between the banding patterns of MAB-C1 binding 
antigens from human and bovine hosts. 
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Figure 5.31.3 Densitometer scans of antigen bands from the western blot in Figure 5.31.1 
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Table 5.31.1 Samples known to contain Cryptosporidium spp oocysts 
Lab No Run No Bands Type 
c1 25B Y 1 
C 18 23A, 28 Y 2 
C 258 24A, 28 Y 3 
C 283 23A, 28 Y 4 
C 394 13A, 20B Y 
C 433 13A N 
C 447 13A, 16A, 16B, 20B Y 4 
C 639 16B, 18B, 20B, 25A, 28 Y 4 
C 89 23A Y 3 
C baileyi 1 13A, 16B, 20B, 26B, 28 Y 6 
C muris 1 20B, 24A, 25B, 26B, 28 Y 7 
H 4073 16B Y 
H 460 16A Y 
H8 1309 25A Y 
H84 1065 18B N 
H84 1138 18B Y 
H84 1146 25A, 25B N 
H85 5419k 18B, 26A N 
H86 1805 11A Y 
H86 1947 11A Y 
H86 1948 11A Y 
H86 1953 11A N 
H86 2503 11A N 
H86 4347 18A Y 
H86 4544 18A, 26B, 28 Y 2 
H86 4690 18A, 26B Y 
H86 4745 18B N 
H86 5048 18A N 
H86 5049 18B, 26B N 
H87 1309 16B, 25A Y 
H87 1364 16B Y 
H87 1366 16B Y 2 
H87 1384 16A Y 
H87 3455 11A, 16A, 18B, 19B, 20B, 28 Y 2 
H87 4114 16B, 18A, 18B, 20B Y 2 
H87 4241 11A, 16A, 18B, 19B, 20B, 28 Y 2 
H87 4244 16A Y 
H87 4302 11A Y 2 
H87 4379 16A Y 
H87 4436 16B N 
H87 4457 11A, 20B Y 
H87 4473 16A Y 2 
H87 5111 11 A, 20B Y 
H87 5318 16B N 
H87 5363 16B N 
H87 5556 16A, 20B Y 
H88 1050 11A Y 
H88 3374 25A N 
H88 353 16A N 
H88 3642 18A, 20B Y 1 
H88 5761 19A Y 
H88 680 16B N 
H89 1263 23A N 
H89 1357 23A Y 2 
H89 1407 23A Y 2 
H89 1408 23A Y 2 
H89 1432 23A Y 1 
H89 1543 23A Y 1 
H89 1677 23A N 
H89 1678 23A N 
H89 1787 23A Y 2 
H89 1853 23A N 
H89 1974 24A N 
H89 1983 24A Y 
H89 1986 24A Y 
H89 2050 24A N 
H89 2111. 24A Y 
H89 2176 24A Y 
H89 2200 24A Y 
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Lab No Run No Bands Types 
H89 2201 
H89 2202 
H89 2204 
H89 2247 
L 405 
L 450 
L 451 
Calf Isolates 
Lamb Isolates 
Human Isolates 
C. muris 
C. baileyi 
24A 
24A 
24A 
25B, 28 
13A, 17A, 16A 
13A, 16B, 20B, 26B 
13A, 20B, 28 
Y 
Y 
N 
Y 
Y 
Y 5 
Y 5 
Bands Types 
/ 2,3,4 
3 3 5 
41/63 1,2 
1/1 7 
1/1 6 
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Figure 5.31.4 Banding Woes of Crvptosporidium 
C. parvum 
type 1 
III IIII 
Molecular weights 187 111 82 e7 
Cl. 89/1432,89/1543,88/5781 
C. parvum 
type 2 
Molecular weights 170 96 71 67 
89/1408,89/2247,89/1357,89/1787,89/1357,89/1407,89/1408, C18 
C. parvum 
type 3 
Molecular weights 198 122 68 
c89 
C. parvum 
type 4 
Molecular weights 183 109 75 67 
0258, C283, C639, C447 
C. parvum 
type 5 
L450, L451 
C. baileyi 
type 6 
C. muris 
type 7 
ow 
eo 
286 
References for Chapter 5 
Btagbum BL, Darlington MV, Easterwood FGA, Sunderman CA. 1989. 
Development of a murine bioassay for discovery of cryptosporidial 
compounds. Annual Meeting of the American Society of Parasitologists, 
Abstract 87,61. 
Campbell 1, Tziporl S, Hutchinson G, & Angus KW. 1982. Effect of 
disinfectants on survival of cryptosporidium oocysts. Veterinary Record, 1111. 
414-415. 
Casemore DP. 1991. Laboratory methods for diagnosing cryptosporidiosis. 
Journal of Clinical Pathology, 44,445-451. 
Casemore DP, Armstrong M. & Jackson B. 1984. Screening of 
Cryptosporldium In stools. Lancet, i, 734-735. 
Casemore DP, Armstrong M, & Sands AL. 1985. Laboratory diagnosis of 
cryptosportdlosis. Journal of Clinical Pathology, 38,1337-1341. 
Cho MH, Arrowood MJ, Mead JA, Sterling CR 1989. Epltope sharing between 
Cryptosporldium asexual life cycle stages. Annual Meeting of the American 
Society for Microbiology, Abstract E-124,147. 
Chobotar B. Scholtyseck E. 1982. Uttrastructure. In: The biology of the 
Coccldia. Ed PL Long. Pub. Edward Arnold. 101-165. 
Crawford FG, Vormund SH. 1988. Human cryptosporidiosis. CRC Critical 
Reviews of Microbiology, 16.113-159. 
Current WL, Haynes TB. 1984. Complete development of Cryptosporidium In 
cell culture. Science, 224,603-605. 
Current WL, Long PL 1983. Development of human and calf cryptosporidium 
In chick embryos. Journal of Infectious Diseases, 148,1108-1113. 
Current WL, Reese NC. 1988. A comparison of endogenous development of 
three Isolates of Cryptosporidium In suckling mice. Journal of Protozoology, 
33,98-108. 
Freifelder D. 1987. Molecular Biology. Pub: Jones and Bartlett Publishers Inc, 
Boston. 
Garcia LS, Brewer TC. Bruckner DA. 1987. Fluorescence detection of 
Cryptosporidlum oocysts in human fecal specimens by using monoclonal 
antibodies. Journal of Clinical Microbiology, 119-121. 
Henriksen SA. 1988. Epidemiology of Cryptosporidiosis in calves. p79-83 In: 
Cryptosporidlosis. Proceedings of the First International Workshop. Pub: 
Animal Diseases Research Association. Edinburgh. Ed. KW Angus, DA 
Blewett. 1989. 
Hill BD. 1988. Immune responses In Cryptosporldlum Infections. p97-105 In: 
Cryptosporldlosis. Proceedings of the First International Workshop. Pub: 
Animal Diseases Research Association, Edinburgh. Ed. KW Angus, DA 
Blewett. 1989. 
Holley HP. 1988. Routine parasitological examination for Cryptosporidium. 
Journal of Infectious Diseases, 154,370. - 
Kuhls TL, Mosier DA, Crawford DL 1991. Effects of carbohydrates (CHOs) and 
lectins (Lets) on cryptosporldial sporozoite penetration of cultured cell 
monolayers. Society of Protozoologists 44th Annual Meeting, Workshop on 
Pneumocystis, Cryptosporldlum and microsporidla, Abstract WS41,52. 
Lazo A, Barriga 00, Redman DR, Bech-Nielsen S. 1986. Identification by 
transfer blot of antigens reactive In the enzyme linked immunosorbent assay 
(EUSA) In rabbits Immunised and a calf Infected with Cryptosporidlum sp. 
Veterinary Parasitology, 21,151-163. 
Leiner IE, Sharon N, Goldstein U. 1988. The Lectins: Properties, Functions 
and Applications In Biology and Medicine. Academic Press, London. 
Luft Si, Payne D, Woodmansee D. Kim CW. 1987. Characterlsatlon of the 
cryptosporldium antigens from sporulated oocysts of Cryptosporidium 
parvum. Infection and Immunity, 55,2436-2441. 
Lumb R, Smith PS, O'Donoghue PJ, Atkinson HM, Lanser JA. 1989. 
Localisation of a 23000 MW Antigen of Cryptosporidlum by Immunoelectron 
microscopy. Immunology and cell Biology, 07,287-270. 
Me P, & Soave A. 1983. Three step stool examination for cryptosporidiosis In 
ton homosexual men with protracted watery diarrhoea. Journal of Infectious 
Diseases. 147.824-828. 
McDonald V, Deer RM, Nina JM, Wright S, Chiodini PL, McAdam KP. 1991. 
Characteristics and specificity of hybddoma antibodies against oocyst 
antigens of Cryptosporidium parvum from man. Parasite Immunology, 13, 
u,. 
251-259. 
McDonald V, Stables R, Barer MR, Chiodini PL, McAdam KPWJ. 1989. 
Parameters affecting In vitro development of Cryptosporldium. Transactions 
of the Royal Society of Tropical Medicine and Hygiene, 83,428. 
McLauchlin J, Casemore DP, Harrison TG, Jerson PG, Samuel D, Taylor AJ. 
1987. Identification of Cryptosporldium oocysts by monoclonal antibody. 
Lancet, I, 51. 
McNabb SJN, Hensel DM, Welch OF, HslJbel H, McKss GL, & Istre GA. 1985. 
Comparison of sedimentation and flotation techniques for identification of 
Cryptosporldium sp oocysts In a large outbreak of human diarrhoea. Journal 
of Clinical Microbiology, 22,587-589. 
Mead JR, Arrowood MJ, Sterling CR. 1988. Antigens of cryptosporidlum 
sporozoites recognised by Immune sera of Infected animals and humans. 
Journal of Parasitology, 74,135-143. 
Naciri M, Yvore P, Levleux 0.1984. In Yvore P, Perrin G. Les maladies do la 
Chews. Niort, Francs. Les Colloques de rINRA, 28,265-271. 
Nichols GL, & Thom BT. 1984. Screening for cryptosporidium In stools. 
Lancet, I, 734-735. 
Nichols GL, McLauchlin J, Samuel D. 1991. A technique for typing 
Cryptosporidium Isolates. Workshop on Pneumocystis, Cryptosporldium and 
Microsporidia. Journal of Protozoology, 38,237s-240s. 
Nichols G, Samuel D, McLauchlin J. 1988. Characterisation of oocyst surface 
antigen of Cryptosporidium spp. p121, Abstract 9. In: Cryptosporldiosls. 
Proceedings of the First International Workshop. Pub: Animal Diseases 
Research Association, Edinburgh. Ed. KW Angus, DA Blewett. 1989. 
Ortega YR, Sheehy RR, Cams VA, Oishi KK, Sterling CR. 1991. Restriction 
fragment polymorphism analysis of Cryotosporidium oarvum isolates of 
bovine and human origin. Workshop on Pneumocystis, Cryptospoddium and 
Microsporldia. Journal of Protozoology, 38,40S. 41 S. 
Reduker DW, Speer CA, Blixt JA. 1985. Uttrastructurs of Cryptosporidium 
parvum oocysts and excysting sporozoites as revealed by high resolution 
scanning electron microscopy. Journal of Protozoology, 32,708-711. 
Riggs MW, McGuire TC, Mason PH, Perryman LE. 1989. Neutralisation 
sensitive epitopes are exposed on the surface of Infectious Cryptosporidium 
penrum sporozoites. Journal of Immunology, 143,1340-1345.4 
Smith HV. 1990. Environmental aspects of Cryptosporidium species: a review. 
Journal of the Royal Society of Medicine, 83,829-631. 
Smith HV, Rose JB. 1990. Waterborne cryptosporidiosis. Parasitology Today, 
0,8.12. 
Tilley M, Upton SJ, Blagbum BL, Anderson BC. 1990. Identification of outer 
oocyst wall proteins of three Cryptosportdlum (Apieomptexc Cryptosporiidae) 
species by 1251 surface labelling. Infection and Immunity, 58,252.253. 
Tilley M, Upton SJ. 1989. Electrophoretic characterisation of Cryptosporldlum 
parvum (KSU-1 Isolate) using SIDS Page, 1251 labelling, and Iectin binding. 
Abstracts of the 84th Annual Meeting of the American Society of 
Parasitologists, Abstract 13,43. 
Ungar BI., at at. 1988. Quantification of specific antibody response to 
cryptosporidium antigens by laser densitometry. Infection and Immunity, 53, 
124-128. 
Uni S, (seid M, Maekawa T, Morlya K, Takada S. 1987. Ultrastructure of 
Cryplosporidium muds (strain RN 68) parasitising the murina stomach. 
Parasitology Research, 74,123-132. 
Willson PJ, & Acres SD. 1982. A comparison of dichromate solution flotation 
and faecal smears for diagnosis of cryptosporidiosis In calves. Canadian 
Veterinary Journal, 23,240-244. 
287 
Chapter 
Epidemiology of cryptosporidiosis 
6.1 Patient study .......................................................... 289 
6.2 Symptoms of patients with cryptosporidiosis .................................. 289 
6.3 Duration and severity of diarrhoea ......................................... 290 
6.4 Sources of Infection .................................................... 294 
6.5 Population study ...................................................... 296 
6.6 Cryptosporidiosis In England and Wales ..................................... 296 
6.7 Long term trends In enteric Infections In Brighton .............................. 301 
6.8 Salmonella spp ....................................................... 301 
6.9 Campylobacter ....................................................... 301 
6.10 Shigella ............................................................ 307 
6.11 Parasites ........................................................... 308 
6.12 Other pathogens ..................................................... 308 
6.13 Age distribution of patients with enteric pathogens ............................ 309 
6.14 Sex distribution of patients with cryptosporidiosis ..................:............. 315 
6.15 Age distribution of patients with diarrhoea .....................:............. 318 
6.16 Comparison of Incidence by age .......................................... 320 
6.17 Incidence of cryptosporidiosis in different groups ................................... 322 
6.18 Hospitalised patients .................................................. 324 
6.19 Prevalence of cryptosporidiosls .......................................... 325 
6.20 PHLS Cryptosporidium surveillance study .................................... 328 
6.21 Geographic distribution ................................................ 332 
6.22 Travel associated Infection ............................................... 334 
6.23 Immune-deficient patients ............................................... 342 
6.24 Combined Infections and microbial associations ............................... 345 
6.25 Seasonal distribution .................................................. 348 
6.26 Outbreaks .......................................................... 352 
6.27 Weather ............................................................ 358 
6.28 Weekly reports of Cryptosporldium to CDSC by region ......................... 360 
6.29 Cryptosporidium In the population ........................................ 366 
6.30 Projections of lifetime exposure .......................................... 369 
References ........................................................... 371 
288 
6.1 Patient study. This study of patients with cryptosporldiosis was done In collaboration with Dr Thom, 
Director of Brighton PHL, and he arranged for the collection of all patient data. Our original intention was 
to Include a control group of patients, either contacts within the family, patients with a different 
pathogen, or diarrhoeal patients from whom we did not demonstrate any agent, so that the two groups 
could be compared statistically, but it was decided to take questionnaires from patients with 
cryptosporidiosis only, and use this data to decide whether a case/control study was worth doing. 
6.2 Symptoms of patients with cryptosporidiosis. Patients symptoms were recorded on a 
questionnaire completed by, or on behalf of 100 patients with cryptosporidiosis, to identify common 
symptoms of infection, and age group differences. A majority of the patients (Table 6.2.1) had diarrhoea 
and stomach pains, which was to be expected in a group of patients who submitted samples for the 
investigation of diarrhoea. Watery diarrhoea was more common in patients over 20 years old (87%) than 
in those of 20 years or less (60%) although the result was not statistically significant (p = 0.2 using Chi 
square). Abdominal pain was more common in patients over 10 years old (86%) than in those of 10 
years or less (48%) and this result was statistically significant (p = 0.05 using Chi square). Nausea was 
more common in patients over 20 (53%) than in those of 20 years or less (11 %), and this was statistically 
significant (p = <0.0005 using Chi square). 
There was a significant weight loss in a fifth of patients, nearly half of all patients suffered from 
vomiting, a tenth had tiredness, and a third felt feverish. Three of the patients had no diarrhoea, 
although one of these patients had a headache. One patient had diarrhoea, arthritis and a urethral 
discharge, and was thought to have Reiter's syndrome. The Increased incidence of nausea and 
abdominal pain in older people suggested either an age related difference In the disease, or differences 
in the recording of questionnaires associated with the subjective nature of the symptoms. It has been 
suggested that the nausea associated with cryptosporidiosis in people with AIDS may result from 
infection of the common bile duct (Soave, 1988), resulting in bile duct constriction, restriction of bile flow, 
and malabsorption of fat. There can also be colonisation of the pyloric valve (Guarda et al, 1983; Pitlik 
et al, 1983), which may also cause nausea (Garone et al, 1986). The exact reason for the abdominal pain 
Is unclear, but may be due to malabsorption causing fermentation in the small bowel, and the distension 
associated with this, or to Increased fluid secretion affecting the muscles surrounding the gut. 
The symptoms found in this study were broadly similar to those found In previous studies (Jokipii et al, 
1983). 
-. 
r- 
ý, 
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Table 6.2.1 The symptoms of 95 patients with cryptosporidiosis 
Patients with symptoms by age (%) 
Symptoms Reported <10 11-20 21-40 >40 Total 
None (Asymptomatic) 2 (3) 1 (9) 0(0) 0(0) 3 (3) 
Watery diarrhoea 33(63) 5 (45) 24 (88) 4(80) 66(69) 
Loose stools 50(96) 10 (90) 27 (100) 5 (100) 92(97) 
Feverish 16 (30) 2 (18) 12 (44) 3(60) 33 (34) 
Abdominal pain/ cramps 25(48) 10 (90) 22 (81) 5 (100) 62(65) 
Vomiting 26 (50) 6 (54) 12 (44) 2(40) 46(48) 
Nausea 4(7) 3(27) 15 (55) 2(40) 24 (25) 
Mucus/slime 9 (17) 1 (9) 5 (18) 1 (20) 17 (18) 
Anorexia/weight loss 10 (19) 0(0) 8 (29) 0 (0) 18 (19) 
Blood in stools 1 (9) 1 (3) 2(40) 4(4) 
Flatulence/wind 1 (3) 1 (20) 2 (2) 
Tiredness/lethargy/ 1 (1) 3 (27) 2 (7) 2 (40) 8(8) 
weakness/malaise 
Cough 3(5) 3 (3) 
Headache 1 (1) 1 (3) 2 (3) 
Coated mouth/smelly breath 1 (1) 1 (3) 2 (2) 
Upper respiratory tract mucus 1 (1) 1 (1) 
Arthritis 1 (3) 1 (1) 
Urethral discharge 1 (3) 1 (1) 
Conjunctivitis 1 (1) 1 (1) 
Flu 1 (1) 1 (1) 
Pallor 1 (1) 1 (1) 
Backache 
Painful legs 1 (3) 1 (1) 
Total patients 52 11 27 5 95 
6.3 Duration and severity of diarrhoea 
The duration of diarrhoeal symptoms was used to determine the point prevalence of cryptosporidiosis, 
and to Investigate any age association In the duration of disease. The diarrhoeal symptoms had resolved 
within 10 days In 60% of patients (Figure 6.3.1 and Table 6.3.1), with a mean duration of 11 days, but 
many patients were still unwell at the end of this period, with nausea or anorexia. One child had 
diarrhoea for two years, with no evidence of an underlying Immune deficiency. It was not possible to 
determine whether the patient had cryptosporidiosis for this period, and therefore this patient's data was 
excluded when determining the mean duration of diarrhoea. There was no strong association between 
the duration of diarrhoea and the age of patients (Figure 6.3.2). The duration of symptoms was similar 
to that reported previously (Baxby et all, 1985). 
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Figure 6.3.1 Graph showing the duration of diarrhoea in patients 
with crvatosporidiosis 
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Figure 6.3.2 Graph of the relationship between duration of 
diarrhoea and age in patients with cryptosporidiosis 
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Table 6.3.1 Duration of diarrhoea in patients with crvptosooridiosis 
sf 
Duration of diarrhoea (Days) Number of patients 
0 3 
1 4 
2 8 
3 8 
4 3 
5 5 
6 .4 
7 6 
8 1 
9 2 
10 9 
11 1 
12 3 
14 5 
18' 3 
20 2 
21 5 
22 1 
23 1 
25 
., 
1 
4 weeks 4 
5 weeks 1 
7 weeks ." 1 
8 weeks 
2 years 1 
Total 83 
EII. 
r 
Mean = 10.98 days 
Standard Deviation = 10.47 
Total = 82 (1 patient excluded) 
The consistency of faecal samples submitted to Brighton PHL for examination were recorded, to see if 
diarrhoea was more or less severe in different groups. 
The consistency of samples was recorded before any microbiological examinations were performed, and 
were graded as liquid, semi liquid, soft, semi-formed, formed, and bullet (the ones which rattle when 
shaken). The data on five pathogens was taken over 9 months, and that for all specimens over one 
month. The data was for specimens and not patients, and only samples with a recorded appearance 
were included. 
Of 471 samples examined over one month 61% were recorded as soft, 15% as liquid, 9% as semi 
liquid, 12% as formed or semi-formed, and only 1% as bullet consistency (Table 6.3.2). For each 
designated group, the percentage of samples from patients who were positive for the five pathogens 
analysed differed, with Salmonella and Cryptosporidium being detected in a higher percentage of formed 
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or semi formed samples, Giardia being found mostly in soft samples. Cryptosporidium and Giardia were 
found in fewer liquid samples, and Campylobacter and Salmonella had a similar sample distribution, with 
a slightly higher percentage of salmonellas In formed or semi formed samples. This probably reflects the 
larger number of follow up samples on patients with salmonella infections. Clostridium difficile toxin was 
found In a higher percentage of liquid samples, although nearly 50% of samples were not liquid. These 
results were partly due to liquid samples being chosen for Clostridium difficile toxin testing. Overall, 13% 
of samples which contained a pathogen were formed, semi formed or bullet. The percentage of all 
samples which were formed or semi-formed, was the same as the percentage of samples which 
contained a pathogen which were formed or semi formed. 
Table 6.3.2 The consistency of faecal sample 
Liquid Semi-liquid Soft Semi-formed/formed Bullet 
All samples (471) 15.2 9.9 61.1 12.4 1.0 
Campylobacter (93) 35.0 13.1 42.3 9.4 0 
Salmonella (147) 32.6 13.6 37.4 12.2 4.0 
C. parvum (43) . 
25.5 9.3 46.5 18.6 0T. 1 
C. difficile (74) 52.7 18.9 25.6 2.7 0 
G. lamblia (56) 16.0 5.3 66.0 10.7 1.7 
The consistency of faecal samples from patients with cryptosporidiosis was compared by age over three 
years. Uquid specimens were more common in patients over *20 than in those under 20, but the 
difference was not statistically significant (Table 6.3.3). 
Table 6.3.3 The consistency of faecal samp les from p atients with cryptosporidium 
Age group Liquid Semi-liquid Soft Semi-formed/Formed Bullet 
0-5 13.4 7.3 62.2 14.6 2.4 
6-10 10.5 26.3 52.6 5.3 5.3 
11-20 13.6 0 63.6 22.7 0 
21-40 22.3 6.4 41.5 22.4 7.4 
>40 44.4 5.6 27.8 22.3 0 
Total 19.8 7.7 49.6 18.9 4.0 
This analysis shows that the consistency of faecal samples differs between pathogens, and age groups, 
but using it is an unreliable way of predicting the presence or absence of a pathogen. 
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6.4 Sources of infection. Factors associated with patients were examined to see If there were any 
obvious common sources of infection, or if there were any individual patients where one particular 
source was implicated. 
Of 97 patients with cryptosporidiosis from whom completed questionnaires were obtained, 66% had 
contact with domestic animals (dog, cat, rabbit, budgerigar), and 12% had contact with farm animals 
(Table 6.4.1). C. parvum Is known to infect domestic cats (Augustin-Bichl et al, 1984; Bennett et al, 1985; 
Egger et al, 1990; Iseki, 1979; Pavlasek, 1985; Poonachia & Pippin, 1982), dogs (Simpson et al, 1988), 
and rabbits (ryzzer, 1912; Rehg et al, 1979; Inman & Takeuchi, 1979), but cross transmission 
experiments suggest that birds, though susceptible to some other Cryi2tosporidium spp, are not affected 
by C. parvum. The significance of being In contact with a pet was difficult to determine without a control 
group, and results may merely reflect a high percentage of the population are pet owners. Young farm 
animals are commonly infected with C. parvum within the first few weeks of life, and visits by people, 
particularly children, to farms around the times of the year when these animals give birth may lead to 
infection. 
The lack of strict hygiene In many milk production units, together with the resistance of Cryptosporidium 
oocysts to most disinfectants (Campbell et al, 1982; Blewett, 1988), suggests that milk may become 
Infected during the process of milking, and 6% of the patients with cryptosporidiosis had recently drunk 
unpasteurised milk. In the questionnaires, 6% of patients had recently returned from abroad, although 
the figures for the seven years showed 12%. Of the 41 patients of five years or less, 4 (9.7%) were 
attending a nursery school or toddlers group. Fifteen of the cases were associated with an outbreak of 
cryptosporidiosis occurring at the end of a large outbreak of Shigella sonnet dysentery In Crawley, In 
which person to person spread seemed to be the likely mode of transmission (Nichols, 1986). 
In 60% of cases there was diarrhoea In one or more other members of the family, and In many patients 
this appeared to be acquired by person to person contact rather than through Infection from a common 
source, as the times of onset were not the same. There were known non family contacts In 9% of 
patients. 
In this study the association between possible causes of infection, and patients, was circumstantial and, 
in the absence of controls, no statistical associations could be made. There was an impression that 
contact with farm animals, travel, and consumption of unpasteurised milk, were the causes of some of 
the infections, but person to person transmission, either in the family, or through nursery school, 
toddler's group, or school, was the likely cause of a significant percentage of the cases. In designing 
a case/control study, it is therefore useful to use age matched patients who are not in contact with each 
other, as well as those which are. 
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Table 6.4.1 Factors associated with patients with cryptosporidiosis 
Factors associated with patients who completed a questionnaire Patients 
Contact with dog 
, 
33 
Contact with cat 30 
Contact with rabbit 6 
Contact with horse 2- 
Contact with hamster 2 
Contact with guinea-pig 3 
Contact with gerbil 1 
Contact with tortoise 1 
Contact with tropical/cold water fish 5 
Contact with budgrigar 1 
Contact with cattle 3 
Contact with pigs 
Contact with goats 5 
Any farm animal 8 
Infection in family Total 59 
1 person, -a , 29 
2 people 14 
3 people 8 
4 people 6 
5 people 2 
6 people 
Infections outside family Total 8 
1 person f"4 
2 people 2 
3 people 2 
School Outbreak 'associated with h. sonn i 15 
Recent travel abroad 6 
Attended nursery school/ toddlers group 4 
Stayed In hotel/ guest house 2 
Swam In swimming pool 2 
Drank unpasteurised milk - 6 
Camping holiday 1 
Total 97 
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6.5 Population study. The purpose of this study was to collect, analyse, and interpret data on human 
cryptosporidiosis, so that its large scale epidemiology could be examined. 
6.6 Crvptosporidiosis in England and Wales. Data on human Cryptosporidium Infections has been 
recorded by the Communicable Diseases Surveillance Centre since mid 1983 (Figure 6.6.1; Table 6.6.1), 
as the number of infections per four week period (Figure 6.6.2). There has been an Increasing awareness 
of human cryptosporidiosis from the first cases in 1983, rising to a maximum in 1989 when there were 
over 8000 detected cases. During the period 1986-1990 there were 382 outbreaks (Table 6.6.2), which 
were attributed to water, unpasteurised milk, person to person, and zoonotic sources of infection, 
although the majority of outbreaks were within families. In the majority of outbreaks the suspected 
source of Infection was not known. Infections were more commonly detected during the spring and 
autumn than in the summer and winter. 
The Epidemiology Unit of the Central Veterinary Laboratory has recorded incidents of infection in cattle 
and sheep, diagnosed In Investigation Centres In England, Wales and Scotland, since 1984 (Figure 6.6.3; 
Table 6.6.3 In Appendix 1). This data, recorded as the number of Incidents per month, showed most 
infection in sheep occurred during the lambing period of March to May. Incidents of infection in cattle 
occurred throughout the year, with a majority of cases in the spring (Figure 6.6.4), although in 4/7 years 
there were two peaks of infection per year, one In the spring, and one in the late autumn. The zoonotic 
nature of some Cryptosporidium infections (Casemore, 1990) suggests that there is a relationship 
between the seasonal distribution of human and animal infections. The different formats of the data from 
the Veterinary Investigation Diagnosis Analysis (VIDA Ii; 12 months per year), and the Communicable 
Diseases Surveillance Centre (CDSC; 13 four week periods per year), makes direct numerical 
comparison of data difficult. Visual comparison suggests a definite association between human and 
animal infection, but whether this is a direct or indirect association remains unclear. 
When infectious diarrhoea within the population as a whole is considered there is a paucity of data, and 
this has led to a request for more information (Richmond et al, 1990). Of all people with diarrhoea, only 
a percentage attend a GP for medical advice. In an on-going study by the Royal College of General 
Practitioners Research Unit at Birmingham, the number of GP consultations for episodes of Infectious 
Intestinal disease has been determined in a number of practices, and this has been related to the 
population served (OPCS Weekly Report). Over the period 1984-1990 the number of consultations per 
week increased from 46 per 100,000 in 1984 to 66 per 100,000 In 1990. The number of consultations 
(Table 6.6.4 in Appendix 2) varied from 23 to 92 per 100,000 per week (mean 55 per 100,000 per week), 
consultations were at their lowest in the spring (Figures 6.6.5), and the consultations over 364 weeks 
showed a normal distribution (Figure 6.6.6). 
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Figure 6.6.1 Cryptosporidium in 
England and Wales 1983-1991 
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Table 6.6.1 Cryptosporidium reports in people in England and Wales 1983-1990 
-Data from Communicable Diseases Surveillance Centre 
1983 1984.1985 1986 1987 1988 1989 1990 1991* Total 
Week 1-4' 20 130 204 148 188 259 491 296 1736 
Week 5-8 24 112 160 183 155 362 566 342 1409 
Week 9-12 21 136 157 204 195 890 397 306 2306 
Week 13-16 49 83 278 238 222 747 369 431 2417 
Week 17-20 37 175 331 397 279 698 303 498 2718 
Week 21-24 1 35 124 356 200 158 544 275 516 2209 
Week 25-28 1 55 131 298 237 140 422 284 352 1920 
Week 29-32 4 36 116 261 258 145 476 269 284 1849 
Week 33-36 8 57 150 238 278 131 715 308 317 2202 
Week 37-40 10 96 146 394 386 316 857 528 493 3226 
Week 41-44 14 105 186 299 369 295 757 343 537 2905 
Week 45-48 1 186 246 327 388 268 648 274 415 2753 
Week 49-52 22 155 140 362 191 258 393 274 369 2164 
Total 61 876 1875 3665 3477 2750 7768 4681 5156 30309 
* Figures for 1991 are provis ional 
Table 6.6.2 Cryptosporidium outbreaks reported to or investigated by CDSC 1986-1990 
Data from Communicable Diseases Surveillance Centre (form 1 Os/1 s& form 05s) 
Place of Outbreak 1;;; 
- Fl 
987 1988 1989 1990* Total 
Family 35 27 20 163 102 347 
Day nursery 7713 18 
School/college 11-3 5 
Community 3112- 7 
Campsite -1--- 1 
Hostel --2-- 2 
Hotel ---1 1 
Farm ----1 1 
Total 46 37 24 172 103 382 
-- rigures for WU are provisional 
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Figure 6.6.3 Cryptosporidiosis in 
Cattle and Sheep 1984-1990 
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Figure 6.6.5 Newly Diagnosed Episodes 
of Infectious Intestinal Disease. 
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6.7 Long term trends in enteric infections in Brighton. The pattern of infections with known enteric 
pathogens changes with time, and the overall changes seen in Brighton were determined by 
retrospective analysis, in order that Cryptosporidium could be seen In its context. 
The Brighton Public Health Laboratory receives faecal samples from general practitioners within Brighton 
DHA, from hospital inpatients within the district, and from environmental health departments from a wider 
area, including Brighton, Adur, Hove, Crawley, Horsham, Mid Sussex, Eastbourne, Lewes, Rother and 
Hastings. There were 73,753 specimens received during the period 1979-1990 (fable 6.7.1), and 
although these figures are not an accurate reflection of the incidence of diarrhoeal and other Intestinal 
diseases, years when higher than normal number of samples were examined were usually those in which 
there were one or more large outbreaks. The numbers of patients from whom an enteric pathogen was 
Isolated, changed between 1979 and 1990 (Figures 6.7.1 to 6.7.12). Improvements In the diagnostic 
service over this period have Increased the percentage of samples from which an Infectious agent was 
Identified from 6% to 16%, but culture methods for Salmonella and Shigella have altered little. Methods 
for demonstrating enteric viruses, C. difficile, Cryptosporidium and other parasites, E. coli 0157, 
Aeromonas, and Yersinia have all Improved, but resources limit the number of specimens Investigated 
for some of them. 
6.8 Salmonella spp. From 1979 to 1990 the proportion of three Salmonella subspecies causing 
Infection in the area served by Brighton PHL, altered considerably (Table 6.8.1). In 1979 and 1980 S 
ha dar was the most common type isolated, but has been uncommon since 1982. S. tvnhimurium 
affected more than 30 people each year, and there were peaks of Infection in 1983,1985 and 1987-8 
(Table 6.8.2). The main Phage types were 49,141 and 204, and the reduction In S. typhimurium In 1989 
and 1990 was associated with a complete absence of these three types. There were several outbreaks 
during this period. Before 1985 there were less than 20 patients per year with S. enteritidis, and since 
then there has been more than 20 patients per year, with a peak in 1988. There has been a steady 
increase In S. enteritidis Pt 4, from one patient in 1979 to 103 In 1990 (Table 6.8.3). The S. enteritidis Pt 
24 Is a variant of Pt 4, and was Isolated In 1990 from the wife of a man with Pt 4. The number of patients 
with Pt 24 found In 1990 was higher than those found in all other years. 
6.9 Campylobacter. Infections with Campylobacter rose steadily over the 12 years for which data was 
available (Figure 6.9.1). Since 1984 Campylobacter spg have been the most common non viral agent 
associated with diarrhoea, detected in Brighton PHL The numbers rose from 145 In 1979 to around 300 
per year in 1988 and 1989, accounting for nearly 25% of all recognised pathogens. Infections were 
sporadic In nature, and clearly definable outbreaks were uncommon. Some of the Increase was 
associated with improving Isolation techniques, but there appears to be a genuine underlying rise In the 
number of cases. Infections were more common in the summer and autumn than in winter and spring. 
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Table 6.7.1 Organisms Isolated from faeces in Brighton PHL 1979-1990 
1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 Total Total % of 
* ** "" ""' t"" ""*# 79-90 84-90 positives 
84-90 
Salmonella 187 208 
Shigella 55 15 
Campylobacter 145 213 
E coli (EPEC) 50 53 
E cola (VTEC) NK NK 
Yersinia NK 0 
Aeromonas NK NK 
Vibrio NK 2 
S aureus 
C perfringens NK NK 
C difficile NK NK 
G lamblia 41 47 
C mesnili 0 0 
E vermicularis 3 7 
E histolytica 7 4 
E hartmanni 0 0 
E coli 6 3 
butschii 0 0 
Unidentified 3 8 
amoeba 
E nana 1 
D fragilis 0 
B hominis 0 
A lumbricoides 6 
S stercoralis 0 
T trichlura 9 
H nana 0 
T saginata 1 
C sinensis 0 
Hookworm 2 
C parvum NK 
Rotavirus NK 
Adenovirus NK 
SRVirus NK 
138 120 151 99 123 
40 31 40 129 131 
195 106 175 244 223 
35 22 21 12 15 
NK NK NK NK NK 
11310 
NK 164 15 
00231 
00000 
0 10 524 
NK NK NK 13 20 
41 31 32 28 50 
01000 
10 4 10 8 13, 
37442 
03201 
37765 
02543 
00000 
171 212 281 201 181 2072 
32 38 50 15- 15 591 
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00000 11 
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1775 24.6 
100 1.4 
8 0.1 
41 0.6 
62 0.9 
14 0.2 
15 0.2 
67 0.9 
203 2.8 
529 7.3 
10 
61 0.8 
54 0.7 
9 0.1 
107 1.5 
19 0.3 
00 
1 4 1 3 4 4 8 7 10 11 2 56 46 0.6 
0 1 0 0 0 0 0 -0 0 0 0 1 0 0 
0 0 0 0 0 0 4 1 6 6 6 23 23 0.3 
1 13 2 8 4 1 6 7 2 2 2 54 24 0.3 
2 4 0 0 0 `1 0 0 1 0 0 8 2 0 
16 18 1 15 8 2 1 3 0 4 2 79 20 0.3 
1 1 0 0 0 0 1 0 0 0 0 3 1 0 
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NK NK NK 2 47 62 82 40 30 145 60 468 466 6.5 
NK NK NK NK 115 137 153 159 148 166 234 1112 1112 15.4 
NK NK NK NK 31 42 32 56 107 66 126 460 460 6.4 
NK NK NK NK 6 14 26 48 74 68 60 296 296 4.1 
Al Bacteria 437 491 409 291 403 507 532 555 609 677 578 505 5994 3963 
Ali parasites 79 120 123 61 90 114 147 246 203 144 331 190 1848 1375 
Al Viruses 0 0 0 0 0 152 193 211 263 329 300 420 1868 1868 
Total positive 516 611 532 352 493 773 872 1012 1075 1150 1209 1115 9710 7206 
Specimens 6349 6702 5633 4828 4563 5861 
Patients 3660 
% of specimens 8997 10 13 
positive 
% of patients positive 21 
Patients as % of specimens 62 
6877 
3705 
12 
23 
53 
5868 5992 7020 7154 6906 73753 45678 
4070 - 
17 17 16 16 16 
24 
69 
*= Shigella sonnei outbreak in Crawley 
** - Increase In parasites associated with Vietnamese boat people 
*** = Concentration for parasites on all diarrhoeal patients March 1986 
**** - Large salmonella outbreaks in two hotels In Crawley 1987-1988 
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Figures 6.7.1-6.7.12 Chances in the number of patients with enteric pathogens detected in 
Brighton PHL between 1979 and 1990 
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Table 6.8.1 Patients with Salmonella spp detected in Brighton P. H. L. 
1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 Total 
S. agona 1 7 6 5 2 3 1 3 2 1 31 
S. anatum 2 1 1 1 2 1 1 9 
S. bardo 3 2 5 
S. braenderup 1 3 5 1 1 2 1 1 1 1 17 
S. bredeney 1 7 3 2 2 1 1 17 
S. coleypark 2 2 
S. derby 1 1 3 2 1 4 1 2 15 
S. dublin 1 2 1 4 
S. enteritidis 13 9 13 10 18 16 24 49 74 161 118 132 637 
S. hadar 84 51 12 6 2 4 4 3 166 
S. havana 1 2 3 
S. heidelberg 4 8 1 11 3 1 1 2 1 1 33 
S. indiana 9 4 4 3 6 1 2 1 30 
S. infantis 2 1, 2 2 2 5 3 6 6 29 
S. Iitchfield 2 2 
S. Iivingstone 3 2 4 1 1 11 
S. manchester 3 1 1 5 
S. molade 3 3 
S. montevideo 5 3 4 1 3 1 3 1 3 1 2 2 29 
S. muenchen 1 1 2 4 
S. napoll 8 8 
S. newport 1 1 9 2 1 2 1 4 1 2 2 26 
S. ohio 1 1 1 1 2 2 8 
S. oranienberg 1 2 1 4 
S. panama 7 4 3 1 1 1 1 5 1 2 3 29 
S. paratyphl B 1 3 1 1 6 
S. poona 2 1 3 
S. saintpaul 10 4 4 6 1 2 2 1 30 
S. sandiego 15 1 1 17 
S. schwartzengrund 2 1 3 
S. stanley 5 2 1 2 6 1 3 1 1 22 
S. thompson 3 4 1 1 1 1 11 
S. typhi 1 2 2 1 1 2 1 1 11 
S. typhimurlum 39 43 46 33 82 46 60 56 90 82 37 10 624 
S. urbana 2 2 
S. virchow 9 9 4" 9 7 5 3 10 10 8 13 6 93 
Others 7 11 10 10 5 5 2 10 6 5 11 8 90 
Not known 1 3 1 2 7 4 8 1 6 29 
Total 187 208 138 120 151 99 123 171 212 281 201 181 2068 
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Table 6.8.2 Patients with Salmonella typhimurium detected in Brighton PHL 
Phage type 1983 1984 1985 1986- 1987 1988 1989 1990 Total" 
1 10 1 11 
2 2 1 3 
3 1 1 1 3 
4 1 1 
8 1 1 2 
9 3 2 2 7 
10 2 1 5 1 2 4 15 
12 11 2 1 1 2 1 18 
12a 1 1 8 10 
17 1 1 
18 1 1 2 
40 1 1 1 3 
49 8 5 24 1 18 10 66 
49a 1 6 10 17 
66 1 3 2 1 7 
85 1' 1 2 
104 2 4 1 1 1 7 16 
110 2 1 1 2 6 
124 2 1 3 
135 3 1 4 
141 3 4 8 9 13 15 52 
146 1 1 1 3 
170 7 2 9 
187 1 1 
193 1 1 2 1 1 1 7 
195 2 1 1 4 
204 2 1 2 4 26 35 
204a 1 1 2 
204c 4 2 6 
208 1 2 1 2 6 
U285 1 3 7 2 13 
U287 1 1 
U288 1 1 
NK/UT 27 20 9 21 32 12 3 2 126 
Total 82 46 60 56 90 82 37 10 463 
305 
Table 6.8.3 Patients with Salmonella enteritidis detected in Brighton P. H. L. - 
Phage 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 19891990 Total 
type 
1 3 2 1 6 
4 1 4 5 6 9 12 13 23 48 68 88 103 380 
5 1 1 1 3 
6a 1 1 2 
6 3 1" 3 3 66 6 3' 85 
7 1 1 2 
8 7 ,. 
3 6 2 6 2 7 1 4 2 1 41 
11 2 1 1 4 
13 1 1 
13a 3 3 
21 1 1 
24 3 3 13 19 
146 1 1 
UT/NT 1 2 1 2 3 9 13 14 18 17 9 89 
Total 13 9 13 10 18 16 24 49 74 161 118 132 637 
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6.10 Shigella. Shigella Is a strictly human pathogen spread by poor hygiene, and Is most often seen 
as a person to person Infection In children, or as an Infection acquired abroad through contaminated 
water or food. Most of the Infections in the years 1979 to 1983, and 1986 to 1990, were from travellers, 
whereas the majority of infections in 1984 and 1985 were in children from 5 schools In Crawley, where 
there was a large outbreak of h. s nn i dysentery lasting several months (Table 6.10.1). Shigellas other 
than Sh. sonnel rarely cause community outbreaks in Great Britain, and spread of Sh-sonnel within the 
community requires a background level of Infection. It appears that In non outbreak years there is no 
endemic Infection in the community, and travel is important In Introducing Sh. sonnel Into an area. 
Table 6.10.1 Patients with Shigella spp detected in Brighton P. H. L. 
1982 1983 1984 1985 1986 1987 1988 1989 1990 Total 
Sh. sonnel 19 34 118 121 23 26 38 10 11 400 
Sh. flexneri 1b2111311 10 
2a 212523211 19 
3a 11215 
3c 11 
4213 
5112 
62224421 17 
Sh. boydii 211 
4112 
10 11 
11 11 
13 11 
14 22 
15 112 
NK 22 
Sh. dysenteriae 221115 
3112 
911 
NK 11114 
Total 31 40 ' 129 131 32 38 50 15 15 481 
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6.11 Parasites.. Increases In the detection of Cryptosporidium and Giardia were due to 
Improvements in the detection methods, and the populations examined. Giardia lamblia, and 
other protozoa, were detected in larger numbers from March 1986, because all new diarrhoeal 
patients from that date were examined using formol ether concentration. Increased Incidence 
of non endemic parasites In 1981 and 1983, was related to Increased Immigration from 
Vietnamese boat people,, but Increases from 1986 onwards were due to Improved methods. 
6.12 Other pathogens. Enteropathogenic E. coli (EPEC) showed a decline from 1980 to 1984, 
with a rise in the number of cases In 1986, followed by another decline. Culture for these 
organisms was stopped in '1988 because their isolation was thought to be of little value. 
Aeromonas sDD. were only looked for sporadically, but Yersinia spp. were cultured routinely for 
3 months in 1987, and 40 Isolates were recovered by enrichment. During this study period 
yersinias were more commonly detected than any other enteric pathogen, but typing showed 
all isolates except one to be 'non pathogenic' types. Yersinias were not routinely looked for from 
then on because the results appeared to have no clinical use. The numbers of infections with 
Cl. difficile showed a steady increase from 1984 to 1990, associated with an increasing number 
of samples being tested, and there were also an Increasing number of virus detections 
associated with an improving diagnostic service. 
The reason for examining the Incidence of all pathogens in Brighton was to ascess the 
likelihood of C. parvum being a single organism, or a mixture of different organisms. Of the 7206 
organisms identified during the study period, there were 1775 Campylobacter, 1268 Salmonella, 
1112 Rotavirus, 529 Giardia, 466 Cryptosporidium, 460 Adenovirus, 410 Shigella, 296 SR viruses, 
and 203 C. difficile Isolates. The Salmonella and Shigella Isolates were typed, and amoung the 
Salmonellas the largest number of infections with a single type was 380 with S. enteritidis type 
4, in an epidemic associated with eggs. Shigella infections were predominantly caused by 
Sh. sonnel, and over half of these infections were from a single outbreak, but routine typing was 
not carried out. A small study of Campylobacter Isolates Indicated that a variety of types and 
species were Involved. Yersinia Isolates Included Y. enterocolitica, Y. fredriksenii, and 
Y. kristensenil. This study shows that where enteric organisms are typed, a large variety of types 
and species are shown to be causing Infection. Where there Is one single type present In large 
numbers there is usually a defined outbreak present, or the absence of a good typing scheme. 
Typing is also useful for examining small outbreaks, as Is an ability to detect the causative 
organism In food, water and environmental samples. With C. parvum the evidence from this study 
suggests that isolates are unlikely to be caused by a single type, and may even contain more 
than one species. 
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6.13 Age distribution of patients' with enteric pathogens. Previous studies have shown age 
differences in Infections with Salmonella spp., Campylobacter spp., and Shiaella spg. (Skirrow, 1987). 
The age of patients with C. parvum, and other enteropathogens was determined, to allow comparison 
of the Infection rate in each one year age group, In the hope that inferences could be made about what 
factors were predisposing people to infection. In examining the age distribution, the figures for C. parvum 
were examined In a number of ways, to see if other ways of Interpretating the data were more useful. 
During the seven year study period there were 4636 Infections with Salmonella, Shigella, Campylobacter, 
C. difficile, Glardia and Cryptosporidium. The numbers of patients In each one year age group (Table 
6.13.1 in Appendix 3) were plotted (Figures 6.13.1 - 6.13.6), and the graphs showed clear differences 
between the age groups which each organism Infected. Taking the null hypothesis that all the enteric 
pathogens have the same age distribution, the significance of differences between the observed and 
expected values for each one year age band, relative to all other age bands, was determined for the six 
commonest non viral pathogens, using the chi square test. Shigella Infections were more common than 
other infections In the age groups 5-8 and 10 years, and the difference was highly statistically significant 
(p <0.0005). In the ages 1-2 years Cryptosporidium was significantly more common than other 
organisms (p <0.0005), and C. iffi il was more common in the ages 73-75,77-88, and 93. 
Cryptosporidium was significantly less common than other organisms In the age group 41-80 years (p 
<0.0005), and Campylobacter was significantly less common in the 1-10 age group. Giardia had an age 
distribution which was not much different from the expected value. The results for C. difficile were 
significant, although not statistically significant (despite a Chi square p value of <0.0005), because the 
toxin was only looked for In hospital In-patients who had received antibiotics, these being mostly people 
over fifty years old. 
When the same data was plotted as a percentage of the patients Infected with each organism In each 
one year period (Table 6.13.2 in Appendix 4), the shape of the graphs remained the same, but the 
differences In distribution were more clearly seen (Figure 6.13.7 to 6.13.12). In particular Cryptosporidlum 
was characterised by about 10 to 15% of all cases being in the 1 and 2 year age group, whereas with 
all the other organisms the peak one year period was not over 8%, and In the 1 to 2 year age group was 
not above 5% except for Giardia. When examined as a percentage of all 6 organisms detected, 
Cryptosporidium caused 20 to 30% of all non viral infections in the 1 to 2 year age group, but also 5 to 
15% of infections up to the age of 42 (Figure 6.13.13 to 6.13.18). Campylobacter caused 20 to 60% of 
all infections In patients under 78, and Salmonella caused 15 to 40% of all Infections In patients under 
80. The age distribution of Cryptosporidium patients per year over the seven years showed no great 
differences between years (Figure 6.13.19). 
Calculating age distribution by one year periods was done manually, and represented a considerable 
amount of work. Once these figures were determined, it was possible to group people into any age band 
required for further interpretation, and manipulation. The results provide a more detailed picture than that 
obtained using five year age groups, and In particular shows sharp differences in numbers of Infections 
in children under 5. With Campylobacter there was a sharp difference between people under and over 
17 years old, possibly related to the differences in lifestyle between children at school, and young 
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working adults. There is strong evidence from this study that using one year age groups for analysing 
enteric pathogens provides useful information, but there are two problems in dealing with information 
at this level. The first is the difficulty in collecting, collating, and displaying the data, and secondly large 
numbers of patients have to be examined before significant differences can be determined between 
groups. Collection of such data from laboratory computer databases should be comparatively easy, 
using programmed search routines, and may reveal some of the social differences between these 
infections. 
Table 6 . 13.3 All Isolations of Cryptosporidium reported to the 
Communicable Disease Surveillance 
Centre. England and Wales, 1989 and 1990. by age 
Age group England & 
Wales 1989 
% England & 
Wales 1990 
% Brighton 
1984-1990 
% 
<1m 16 0.2 15 0.3 
1-11m 631'- 8.8 349 °, -7.8 '19 4.0 
1-4 years 2796 39.0 1760 39.7 149 31.9 
5-9 972 13.5 578 13.0 48 10.3 
10-14 408 5.7 206 4.6 20 -4.3 , , 
15-44 1828 25.5 1168 26.4 201 43.1 
45-64 272 3.8 211 4.7 21 4.5 
65+ 228 3.1 137 3.0 8 1.7 
Not known 617 256 0 
Total 7768 4680 466 
A computer search of the Oracle database at CDSC for Cryptosporidium In 1989 and 1990 by age 
showed a similar percentage of patients between years, with a slightly higher percentage of patients in 
the 15-64 age group, possibly reflecting an increase in Cryptosporidium examinations In patients in this 
age group (Table 6.13.3). The comparison of these figures with those from Brighton showed a much 
higher percentage of patients in the 15-44 year age group. In Brighton, all age groups were screened 
for Cryptosporidium, but it is likely that many laboratories use a policy of only looking for this parasite 
In children, and it is likely that there is significant underdiagnosis of Cryptosporidium in adults. 
Data from around the world shows Cryptosporidium to be more common in children than In adults 
(Fayer & Ungar, 1986; Crawford & Vermund, 1988). The high Incidence In young children In this study 
Implies that children are highly susceptible, and that person to person transmission may be the most 
important route of infection, although the peak In Sh. sonnei Infection, which is predominantly through 
person to person transmission, is in 5-6 year olds. Both organisms have a low infective dose, and the 
difference between the age distribution between them is probably a refl ection of the greater resistance 
of C. Darvum to adverse environmental conditions, but Its lower numbers in the' faeces of Infected, 
patients. If water consumption is the main source of infection ! in children it would be reasonable to think 
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that one year old children would consume less water than five year olds, and therefore older children 
would be more commonly exposed to oocysts. The uncommon occurrence of cryptosporidlosis In adults 
over 45 years old Implies that there is a substantial level of protection In this population group. 
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Figure 6.13.7 Percentage of patients 
with Cryptosporidlum by age In Brighton 
Figure 6.13.10 Percentage of patients 
with Glardia by age In Brighton PHL 
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Figure 6.13.17 Shigella as a percentage 
of positive patients by age 
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Figure 6.13.13 Cryptosporidium as a 
percentage of positive patients by age 
Figure 6.13.16 Giardia as a percentage 
of positive patients by age 
Figure 6.13.15 Campylobacter as a 
percentage of positive patients by age 
Figure 6.13.18 Salmonella as a 
percentage of positive patients by age 
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6.14 Sex distribution of patients with crxptosporidiosis. The patients with cryptosporidiosis In 
different age bands were analysed by sex (Table 6.14.1). There were 231 male patients with 
cryptosporidiosis, and 234 female patients. There was a higher ratio of males In 1-10 year old (p = 0.1), 
and In 36-40 year old patients (Figures 6.14.1 & 6.14.2), and there was a significantly higher ratio of 
females In patients between 16-30. (p = 0.05). It was not clear whether this age distribution was a 
reflection of the age distribution of patients submitting samples, or whether It reflected something about 
the disease. The higher incidence in women between 18 and 30 may reflect a higher exposure of this 
group to Infected babies. The unusual distribution In other age groups is difficult to explain. A similar sex 
distribution has recently been reported in patients with cryptosporidiosis in Scotland (Flanigan, 1991), 
and in Oxford (Richardson et al, 1991). A study was done for Campylobacter, to allow comparison, and 
this also showed a higher ratio of boys to girls in children between 1 and 5, and a higher male ratio In 
36-40 year olds (Figures 6.14.3 and 6.14.4), although there was not a higher ratio of females between 
16 and 30 years old. 
Table 6.14.1 The acre/sex distribution of patients with cryptosporidiosis in Brighton 1984-1990 
Age Male Female Not known Total % male 
0 11 8 19 57 
1 44 28, -72 61 
2 23 , "21 44 52 
3 9 8 17 52 
4 6 10 16 37 
5 7 9 16 43 
6-10 23 14 37 62 
11-15 8 9 17 47 
16-20 9 19 28 32 
21-25 20 28 48 41 
26-30 20 32 52 38 
31-35 18 19 37 48 
36-40 17 9 26 65 
41-45 4 3 1 8 57 
46-50 4 6 1 11 40 
51-60 1 5 6 16 
61-70 3 4 7 42 
71-90 3 2 5 60 
Total 230 234 2 466 49 
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Figure 6.14.1 Age/Sex distribution of 
Patients with Cryptosporidiosis 1984-90 
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Figure 6.14.3 Age/sex distribution of, 
Patients with Campylobacter 1984-90 
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Figure 6.14.4 Age/sex distribution of 
Patients with Campylobacter 1984-90 
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6.15 Age distribution of patients with diarrhoea. The patients in each age group submitting faecal 
samples to Brighton PHL, were counted for a 40 month period (Table 6.15.1), and were then 
extrapolated to give figures for a7 year period (Figure 6.15.1), so that the incidence of infections could 
be determined, and to try to understand the observed differences between these population groups. The 
patients in 40 months were categorised into general practice (Figure 6.15.2), hospital (Figure 6.15.3), and 
other patients, which included mostly patients traced by environmental health officers (Figure 6.15.4). 
There was a different distribution between the three populations. Babies and children under 3 years old 
were the most commonly encountered patients in all three groups, and there were more old people 
presenting as hospital patients, and more people between 20 and 40 encountered as general practice 
patients. The other group contained fewer babies and old people, and more young adults. 
Table 6.15.1 Estimate of the age distribution of patients with diarrhoea over 80 months 
(1984-1990) 
Estimate for 1984-1990 
Age 
Group GP Hosp Other Total , 
<1 997 2067 50 3115 
1 1283 738 31 2052 
2 789 326 29 1145 
3 440 159 38 639 
4 358 94 31 484 
5 367 96 36 501 
6-10 876 271 140 1287 
11-15 583 159 67 810 
16-20 1270 273 125 1670 
21-25 1902 443 137 2483 
26-30 1803 382 169 2355 
31-35 1466 275 106 1849 
36-40 1278 285 113 1677 
41-45 900 227 48 1176 
46-50 702 174 53 929 
51-55 718 237 29 985 
56-60 735 285 38 1060 
61-65 631 375 16 1023 
66-70 476 527 19 1023 
71-75 447 777 4 1229 
76-80 285 931 7 1224 
81-85 205 849 0 1055 
86-90 116 539 0 656 
91-95 41 205 0 246 
96-100 9 48 0 58 
Total 
GP 
18677 ' 10742 1286 30731 
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Figure 6.15.1 All Patients who sent Figure 6.15.2 All GP Patients who sent 
faecal samples to Brighton PHL 1984- faecal samples to Brighton PHL over 40 
1990. Estimate based on 40 months. months 
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Figure 12.5.3 All Hospital Patients who 
sent faecal samples to Brighton PHL 
over 40 months 
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Figure 6.15.4 All other Patients who 
sent faecal samples to Brighton PHL 
over 40 months 
Patients (Numbers in 40 months) 
6.16 Comparison of incidence by age. The Incidence of cryptosporidiosis was determined In order 
that different population subgroups could be compared, and so that individual pathogens could be 
compared. The Incidence of the six commonest non viral pathogens was determined (Table 6.16.1 In 
Appendix 5), and plotted (Figure 6.16.1 to 6.16.6), and showed the clear age differences seen In the 
primary age distribution data. The peak incidence of rvum was seen In the 1-5 year age group. In 
Shigella spp. the peak was In 6-10 year old, in Salmonella spD. it was in 11-15 year old, in 
Campylobacter spp. it was In 21-25 year old, In Giardia lamblia it was in 31-45 year old, and was in 81-85 
year old with Clostridium difficile. Care has to be taken when interpreting these graphs because although 
they represent the overall incidence, the population groups from which each pathogen is detected are 
different. For example, C. difficile was only looked for In hospitalised patients, Shigella spp. were 
predominantly from a large outbreak Involving three schools, -with most of the remaining patients 
occurring in travellers. A varying percentage of all samples were from outbreak follow up studies from 
outside the Brighton Health District. The low incidence of infection In Infants (babies <1 year old) was 
partly due to the predominance of viral infections in this age group, and partly to the large numbers of 
unwell babies who were screened for enteric pathogens. 
The total incidence of these six pathogens amongst patients with diarrhoea rose from 4.5% in babies 
under one, to 12% in one year olds, and around 20% between 2 and 45 years old. In patients between 
46 and 70 the level was 10-15%, and in patients over 71 the level was under 10% (Table 6.16.1 in 
Appendix 5). The low detection rate in 0-1 year olds is a reflection of the high incidence of rotavirus and 
adenovirus Infections detected in this group. The reduction In the percentage of diarrhoeal episodes 
caused by these 6 pathogens In patients over 45 suggests that many of these episodes are non 
Infectious in origin (carcinoma, diverticulitis, etc), or caused by unknown infectious agents. 
320 
Figure 6.16.1 Incidence of Figure 6.16.2 Incidence of C. difficile 
Cryptosporidium by age in Brighton PHL by age In Brighton PHL 1984-1990 
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Figure 6.16.6 Incidence of Shigella 
by age in Brighton PHL 1984-1990 
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Figure 6.16.4 Incidence of Glardla 
by age In Brighton PHL 1984-1990 
6.17 Incidence of cryptosporidiosis In different groups. The number of patients with C. rvum in the 
three groups was determined (Table 6.17.1), and the incidence In patients belonging to different 
population groups was determined (Table 6.17.2), and plotted (Figures 6.17.1 to 6.17.3). In all three 
graphs there was a more or less right angle triangle shaped graph, with a peak Incidence of Infection 
at 1-2 years old. There was a decline in incidence throughout life, but Infections in the 20-40 year age 
group were about half as frequent as the Incidence at age 1-2. The incidence In all patients over 50 was 
0.2%. 
Table 6.17.1 Age distribution of patients with Crvptosporidium 
Numbers during 1984-1990 
Age 
Group GP Hosp Other Total 
<1 11 6 2 19 
1 58 12 2 72 
2 34 7 3 44 
3 14 2 1 17 
4 13 1 2 16 
5 14 1 1 16 
6-10 29 2 6 37 
11-15 14 1 2 17 
16-20 25 3 0 28 
21-25 40 5 3 48 
26-30 46 2 4 52 
31-35 33 3 11' 37 
36-40 23 1 2 26 
41-45 8 0 0 
46-50 9 1 1 11 
51-55 2 0 0 2 
56-60 3 1 0 4 
61-65 3 1 0 4 
66-70 3 0 0 3 
71-75 2 1 0 3 
76-80 1 0 0 1 
81-85 1 0 0 1 
86-90 0 0 0 0 
91-95 0 0 0 0 
96-100 0 0 0 0 
Total 386 50 30 466 
The lower Incidence in hospital patients probably reflects the larger number of specimens from patients 
with non Infectious diarrhoea which were examined in the laboratory. The higher incidence in patients 
contacted by environmental health departments reflects a larger number of specimens examined from 
contacts of infected patients. 
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Figure 6.17.1 Incidence of 
Cryptosporidium in GP patients 
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Figure 6.17.2 Incidence of 
Cryptosporidium in hospital patients 
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Figure 6.18.1 Percentage of 
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Figure 6.17.2 Incidence of Crvptosporidium in patients with diarrhoea by aae 
Incidence 
Age 
Group GP Hosp Other Total 
<1 1.1 0.3 4 0.6 
1 4.5 1.6 6.5 3.5 
2 4.3 2.1 10.3 3.8 
3 3.2 1.3 2.6 2.7 
4 3.6 1.1 6.5 3.3, 
5 3.8 1 2.8 3.2 
6-10 3.3 0.7 4.3 2.9 
11-15 2.4 0.6 3 2.1 
16-20 2 1.1 0 1.7 
21-25 2.1 1.1 2.2 1.9 
26-30 2.6 0.5 2.4 2.2, 
31-35 2.3 1.1 0.9 2 
36-40 1.8 0.4 1.8 1.6 
41-45 0.9 0 0 0.7 
46-50 1.3 0.6 1.9 1.2 
51-55 0.3 0 0 0.2 
56-60 0.4 0.4 0 0.4 
61-65 0.5 0.3 0 0.4 
66-70 0.6 0 0 0.3 
71-75 0.4 0.1 0 0.2 
76-80 0.4 0 0 0.1 
81-85 0.5 0 0 0.1 
86-90 0 0 0 0 
91-95 0 0 0 0 
96-100 0 0 0 0 
Total 2.1 0.5 2.3 1.5 
6 . 18 
Hospitalised patients. Because of the expensive nature of hospital treatment, and also because 
hospitalisation usually indicates more severe infection, the number and Incidence of patients with 
cryptosporidiosis who entered hospital was determined. Between the ages of 4 and 55,5% to 11 % of 
patients with cryptosporidiosis required hospitalisation (Figure 6.18.1), compared with 15% to 30% of 
babies under 2 years old, and around 20% of patients over 55 years old. The number of inpatients under 
two years old was higher in hospital patients (Table 6.15.1), and the common practice of screening all 
such patients with diarrhoea, means that there is probably a higher detection of cryptosporidlosis In this 
group, although the higher level of screening yields a lower Incidence of infection (Table 6.17.1). In none 
of the Infections demonstrated in this study was there any evidence of hospital acquired infection. 
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6.19 Prevalence of cryptosporidiosis. The prevalence of Cryptosporidium In the community was 
determined so that estimates could be produced for the extent of infection In England and Wales, and 
to provide estimates of the extent of infection throughout life. Estimates of the population of Brighton 
Health District, based on data from the 1981 census were produced for Brighton Health Authority by the 
Office of Popluation Censuses and Surveys (OPCS) (Table 6.19.1). The population had a higher number 
of women than men, and compared to the population of England and Wales there were more old 
people, and fewer children. There was a slight excess of males in people under 50. Between 1981 and 
1988 the population of Brighton Health District stayed constant, while that of England and Wales 
increased by 1 %. The stability of the total population In Brighton Health District was due to an excess 
of deaths over births, balanced by a net Inward migration. It has been estimated that around 700,000 
tourists stay in Brighton in a year, and there are around 2,000,000 day visitors (English Tourist Board), 
but only residents were included in the prevalence figures. 11 
Table 6.19.1 OCPS population estimates for Brighton Health Authority in mid 
198 
Age Male Female Total % male 
0 1921 1836 3757 51.1 
1-4 7079 6816 13895 50.9 
5-9 8234 7462 15696 52.4 
10-14 7283 6734 14017 51.9 
15-19 10547 10919 21466 49.1 
20-24 12696 12314 25010 50.7 
25-29 11780 11697 23477 50.1 
30-34 10061 9852 19913 50.5 
35-39 9482 9455 18937 50.0 
40-44 10316 10127 20443 50.4 
45-49 8132 8095 16227 50.1 
50-54 7549 7895 15444 48.8 
55-59 7535 8264 15799 47.6 
60-64 7598 8893 16491 46.0 
65-69 8082 10031 18113 44.6 
70-74 5465 8090 13555 40.3 
75-79 4841 8569 13410 36.0 
80-84 3014 6720 9734 30.9 
85+ 1676 5379 7055 23.7 
Total 143291 159148 302439 47.3 
1 
The minimum period prevalence of cryptosporidiosis (Table 6.19.2 In Appendix 6& Table 6.19.3), based 
only on those cases demonstrated in this study, shows 292 cases per 100,000 population per year in 
1 year old, 171 cases per 100,000/y in 2 year old, dropping to 29 per 100,000 In the 6-10 year age 
group, and 25 per 100,000 in the 21-40 year age group, with 2 per 100,000 in people over 45 years old 
(Figure 6.19.1). 
Assuming a mean duration of carriage of 29 days, the point prevalence at any time was approximately 
10.5 per 100,000 persons between 1 and 5 years old, less than 2 per 100,000 between 11 and 40 years 
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old, and less than 0.5 per 100,000 In people over 45 years old, although the figures rise and fall with 
seasonal and annual variations. The overall point prevalence was 1.6 per 100.000, and with a population 
of 299,800, there were around 3-4 people known to be infected with Cryptosporidium, within the district 
at any time. If infection were totally endemic, and infection by person to person transmission were the 
only route of transmission, then a small reduction In the point prevalence could reduce the number of 
infections to below the level at which anyone could catch it. In practice the real point prevalence is 
probably considerably higher than the detected one, and actual carriage duration is probably longer than 
the detected level, although it is doubtful whether this has a great effect on transmission. 
In Brighton the point prevalence is rising due to the Increasing number of HIV positive patients infected. 
In a period In the summer of 1987, there was no detected cryptosporidiosis for three months, and this 
may have been caused by a temporary loss of endemicity. It Is unclear to what extent Cryptosporidium 
is endemic in the domestic and agricultural animals within the local area, and to what extent this affects 
human exposure. It is also unclear whether there is extensive exposure of the population to oocysts 
though the public water supply. 
Figure 6.19.1 The prevalence of cryptosnoridiosis in Brighton Health District 1984-1990 
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Table 6.19.3 Estimate of the Prevalence of Cryptosporidiosis within the Population 
of Brighton Health District 1984-1990 
Age Population Patients with Prevalence - Point Attack Rate 
mean 1984 Cryptosporidiosis per 100000 prevalence 
to 1990 1984-1990 per year per 100000 (1: x/year) 
Numbers Mean 
0 3703 17 1.8 49.4 3.9 2023.9 
1-5 16789 " '156 22.2 132.7 rr 10.5 753.39 
6-10 15142 .' 31 4.4 29.2 2.3 3419.4 
11-15 15283 15 2.1 14.0 1.1 7132.4 
16-20 21860 28 4.0 18.3 1.4 5465.1 
21-25 24354 45 6.4 26.4 2.0 3788.4 
26-30 22442 48 6.8 30.6 2.4 3272.9 
31-35 19437 36 5.1 26.5 2.1 3779.5 
36-40 18963 24 3.4 18.1 1.4 5530.9 
41-45 19318 8 1.1 5.9 0.4 16904 
46-50 15839 10 1.4 9.0 0.7 11088 
51-55 15290 -2 2 0.2 1.8 - 0.1 " 53516 
56-60 15708 4 0.5 3.6 0.2 27490 
61-65 16575 4 0.5 3.4 0.2 29008 
66-70 16955, 3 0.4 2.5 0.2 39564 
71-75 13335 3 0.4 3.2 0.2 31117 
76-80 12493 1 0.1 1.1 0.1 87453 
81-85 8366 1 0.1 1.7 0.1 58564 
86-90 3474 0 0 0 0 Not known 
91-95 3474 0 0 0 0 Not known 
>95 0 0 0 0 0- Not known' 
0 3703 17 1.8 49.4 3.9 2023.9 
1-10 31932 187 26.7 83.7 6.6 1195.3 
11-20 37144 43 6.1 16.5 1.3 6046.7 
21-30 46796 93 13.2 28.4 2.2 3522.3 
31-40 38400 60 8.5 22.3 1.7 4480.1 
41-50 35158 18 2.5 7.3 0.5 13673 
51-60 30998 6 0.8 2.7 0.2 36165 
61-70 33531 7 1.0 2.9 0.2 33532 
71-80 25829 4 0.5 2.2 0.1 45201 
81-90 11840 1 0.1 1.2 0.1 82884 
>91 3474 0 0 0 0 Not known 
0 3232 17 1.8 56.6 3.9 1766.1 
1-20 69076 230 32.8 47.6 3.7 2102.3 
21-40 85197 153 21.8 25.7 2.0 3897.9 
41-60 66157 24 3.4 5.1 0.4 19296 
61-80 59360 11 1.5 2.6 0.2 37775 
>81 15314 1 0.1 0.9 0.1 107204 
Total 298338 436 61.6 20.7 1.6 4836.3 
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6.20 PHLS Cryptosporidium surveillance study. A study of cryptosporidiosis was carried out In 16 
public health laboratories In England and Wales, and Brighton took part In providing data (Palmer et al, 
1990). The results of laboratory diagnosis of 62,421 patients with diarrhoeal disease were investigated 
over 'a two year period, and the data was analysed by Dr Palmer. Cryptosporidium was found In 2.1% 
of patients (range 0.5-3.9), and the Incidence of Infection was significantly higher (p>0.0005) in mainly 
rural communities (2.4%), than In predominantly urban ones (1.8%). There was no clear cut seasonal 
distribution, and there were one or two sharp peaks of infection In the majority of laboratories over the 
two year study period. Cryptosporidium was most commonly demonstrated in children aged 1-4 (Figure 
6.20.1), and the incidence of Campylobacter (Figure 6.20.2), and Salmonella (Figure 6.20.3), Infection 
was highest In 15-24 year olds. Shigella was most commonly found In 5-14 year olds (Figure 6.20.4). Of 
1283 patients who completed questionnaires, nearly one in five were admitted to hospital. There were 
differences in symptoms amongst people of different ages (Figures 6.20.5 to 6.20.12), with vomiting 
decreasing with age, and abdominal cramps being more common In patients between 25 and 34. Twelve 
percent of all patients had recently been abroad, 9% had recently drunk raw milk, 6% of whom had been 
in close contact with farm animals within the preceeding month, and In Infected children between 31 and 
37% reported exposure to farm animals or raw milk. Diarrhoea In other family members following 
infection was reported in 26% of patients, although Cryptosporidium was not confirmed In many of these 
patients. 
Within the study there was a significant correlation between the number of Cryptosporidium cases 
identified per laboratory, and the number of cases of Campylobacter and Salmonella, but not with the 
number of Shigella Infections, indicating that variations in detection rates were not due to laboratory 
methods. 
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Figure 6.20.5 Watery diarrhoea in 
crypto8poridiosis by age 
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Figure 6.20.7 Abdominal cramps in 
cryptosporidiasia by age 
100 
so- 
60- 
r 
20 
0 
4 14 24 34 44 54 64 66 
Ape (Year. ) 
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Figure 6.20.11 Duration of diarrhoea in 
cryptosporidiosis by age 
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6.21 Geographic distribution. The addresses of patients with cryptosporidiosis were determined and 
plotted on a map of Brighton (Figure 6.21.1) to see if there was any overall unusual geographic 
distribution, which might signify person to person infection, waterborne infection, or an association with 
socioeconomic status. 
In all years there was a dispersed distribution of Cryptosporidium cases, with patients throughout 
Brighton and Hove, and some small local clusters of cases. There were fewer patients in some areas 
than in others. For example the area K4 to M7 in Figure 6.21.1 had a mean of 0.14 cases/km2/year, 
compared to area P1 to 03, which had 1.6 cases/km2/year. Differences in Infection rates In defined 
areas probably reflect differences In housing density, socioeconomic status, population age structure, 
and local GP laboratory testing policy. In particular the housing density Is low In K4 to M7, and Hove 
has a higher percentage of socioeconomic classes I and II (Brighton Health Authority, 1989). The Jarman 
8 index of 8 social factors judged to be important In relation to health pressures on GPs has a scale 
from -30 (a high level of need) to +45 (a low level of need). The electoral ward covering K4 to M7 had 
a higher Jarman 8 Index than the rest of Brighton. Because of the high incidence of cryptosporldiosis 
in young children, the geographic distribution of cases is likely to be dependant on the percentage of 
the population In the 1-5 year age group, and the levels of social Interaction within this group. The 
geographic data was incomplete because of difficulties In getting the addresses of all patients. It was 
not possible to separate the effects of housing density and socioeconomic status on patient distribution, 
or to compare numbers of Cryptosporidium patients within areas, with the total population. 
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Figure 6.21.1 Geographic distribution of people with cryptosporidiosis 1984-1990 
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6.22 Travel associated infection. Cryptosporidium is more commonly found In developing countries 
than in developed ones (Fayer & Ungar, 1986), and infections following travel have been frequently 
reported (Abel et al, 1989; Chapman & Mitchelmore, 1985; Flegg, 1987; Jokipil et ai, 1985; Moricz et al, 
1985; Soave & Ma, 1985; Stirling et al, 1986; Taylor et al, 1985). Travellers were examined to determine 
whether travel is a significant cause of cryptosporidiosis, whether it represents an important source of 
Infection within the community, and to allow comparison of Infection rates with non travellers, to see If 
exposure to infection was Important in determining the age, relatedness of Infections. 
There were 3361 patients who had recently returned from abroad during the period 1984-1990 (Table 
6.22.1), and the numbers were highest during the late summer as one might have expected (Figure 
6.22.1 and 6.22.2). 
Table 6.22.1 Travellers with Diarrhoea submitting samples to Brighton PHL between 1984 
and 1990 
Date 1984 1985 1986 1987 1988 1989 1990 Total 
January 17 24 22 18 29 29 40 179 
February 24 23 21 21 32 30 28 179 
March 20 22 19 24 33 43 34 195 
April 20 20 21 31 45 39 32 208 
May 26-' 31 30 34 37' 38 41 237 
June 29 26 34 37 55 54 46 281 
July 34 42 44 49 47 71 40 327 
August 55 41 41 38 47 73 58 353 
September 56 64 65 , 97 81 80 53 496 
October 60 63 72 70 80 71 39 455 
November 33 32 23 45 46 51 44 274 
December 14 36 9 33 24 43 18 177 
Total 388 424 401 497 556 622 473 3361 
Nearly 12% of all Cryptosporidium patients had recently returned from abroad (Table 6.22.2), and 
Infections were more common In the months of February, September and October, than In other months 
(Figure 6.22.3). The September/October peak coincided with a similar peak in non travel associated 
cryptosporidiosis (Figure 6.22.4), but the spring peaks showed a less clear association. Cryptosporidium 
was detected in 1.6% (range, 0.4 to 4.5%) of all travellers with diarrhoea, and when examined In this 
way, the spring and autumn peaks were still present (Figure 6.22.5), with significantly more patients In 
February (p=0.005), and September (p=0.05). When these patients were plotted as a percentage of all 
Cryptosporidium patients, the autumn peak was less obvious, but the results for February were 
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Figure 6.22.3 Cryptosporidium in 
travellers by month in Brighton PHL 
1984-1990 
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Figure 6.22.5 Cryptosporidium in 
travellers by month as a percentage of 
all travellers. 
% of travellers with Cryptosporidlum 
a 
4 
9 
2 
1 
0 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Figure 6.22.4 Cryptosporidium in 
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(p=0.02), and represented nearly 30% of all patients (Figure 6.22.6). 
The age distribution of all patients with diarrhoea who had recently returned from abroad, had its peak 
between 20 and 26 years, and tailed off with age, with comparatively few children (Table 6.22.3 In 
Appendix 7; Figure 6.22.7). The figure contains anomalous spikes at ages 20,30 and 40 which probably 
represent random noise in the data. The age distribution of travellers with cryptosporidiosis (Figure 
6.22.8; Table 6.22.4; Table 6.22.5), showed a larger percentage of cases (52.7%) were in people over 
20 years old, compared to that in non travellers with cryptosporidiosis (41.7%), and In the 1-5 year age 
group only 6% of cases were travel associated. 
Table 6 . 22.2 Travellers with 
Diarrhoea and cryptosporidiosis by month 1984-1990 
Date All travellers with Travellers with 
diarrhoea Cryptosporidium 
January 179 3 
February 179 8 
March 195 2 
April 208 5 
May 237 1 
June 281 2 
July 327 4 
August 353 3 
September 496 14 
October 455 8 
November 274 3 
December 177 2 
% All Cryptosporidium Travellers as % of all 
patients Cryptosporidium 
patients 
1.7 28 10.7 
4.5 28 28.6 
1 56 3.6 
2.4 37 13.5 
0.4 45 2.2 
0.7 30 6.7 
1.2 31 12.9 
0.8 35 8.6 
2.8 86 16.1 
1.8 44 18.2 
1.1 33 8.8 
1.1 13 15.4 
Total 3361 55 1.6 466 11.8 
The incidence of infection in travellers (1.7%) was higher than in non travellers (1.4%), but showed a 
similar distribution (Figure 6.22.9), except that the peak incidence was in children aged 6-10. In the age 
range 6-70 years, between 13 and 22% of all Cryptosporidium cases were associated with recent travel 
abroad. In children under 5 years old less than 10% of cases were travel associated (Figure 6.22.10). 
There were more male patients with cryptosporidiosis who had travelled, than there were female patients, 
although the differences were not statistically significant, and had no effect on the overall age/sex 
distribution. The comparatively even age distribution of travel associated Cryptosporidium amongst all 
patients with cryptosporidiosis implies that travelling is a common source of Cryptosporidium infection 
throughout life, although in early childhood it is not a major cause of Infection. 
337 
Figure 6.22.7 Travellers with diarrhoea 
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Figure 6.22.8 Age distribution of 
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Figure 6.22.9 Percentage of travellers 
with diarrhoea and Cryptosporidium in 
Brighton PHL. 1984-1990 
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Figure 6.22.10 Travellers with diarrhoea 
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Table 6.22.4 Patients with diarrhoea and Crvatosporidium who had recently travelled 
abroad 
Age Sex Date Country 
0 M 27.2.90 Continental Europe 
0 M 6.11.85 Cyprus 
1 F 22.2.84 Zimbabwe 
1 M 21.8.89 Turkey 
2 M 2.4.90 Italy 
2 F 17.10.86 Tahiti 
2 F 6.9.88 France 
2 M 23.7.90 France 
4 F 3.9.89 France 
4 M 9.10.89 Minorca 
5 F 18.9.90 France 
5 F 23.7.90 France 
6 F 6.12.84 Brazil 
7 M 13.9.85 Spain 
8 F 3.9.90 Spain 
9 M 1.10.87 Canaries 
10 M 12.10.84 Majorca - 
11 F 17.9.85 Gambia 
11 F 16.11.89 Egypt 
12 F 3.9.85 Ireland.,. 
16 F 19.4.86 Russia 
17 F 22.4.86 Leningrad 
18 M 5.10.87- Africa 
20 M 17.8.90 France 
20 F 19.2.88 Canaries 
20 F 11.8.88 India 
21 M 22.9.90 Kenya 
21 F 31.7.89 Corfu 
21 F r- 18.9.89. 
Teneriffe 
22 M 18.10.88 Pakistan 
23 M 18.9.85 Kenya 
25 M 10.5.89 Spain 
26 M 27.6.88 West Indies 
26 F 17.1.90 Indonesia 
27 M 17.10.89 Turkey 
28 M 10.12.85 Not known' 
28-,: - F 13.3.90 Venezuela, 
30 F 10.6.89 Pakistan 
30 M 30.10.85 Spain 
30 M 13.2.87 Russia 
30 F 7.7.89 Lanzarote 
33 F 22.9.86 Spain 
35 F 29.3.89 Italy 
38 M 11.2.85 Canaries 
38 F 22.9.87 Not known 
39 M 19.2.88 Canaries 
39 M 24.4.87 Turkey 
39 F 20.2.84 Russia 
40, M 30.11.87 Egypt 
40 M 18.9.84 Portugal 
41 M 11.9.87 Austria 
46 -. - F, ý .. .. 
5.9.84 Malawi 
46 M 6.4.90 Florida 
51 M 25.2.87 Russia 
68 F 27.1.88 Indonesia 
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Table 6.22.5 "Travellers and non travellers with crvntosaorldiosis 19841 
Age Travellers % Non- Total Total % of % of % of non- 
with male travellers Cryptosporidium travellers patients travellers travellers 
Cryptospor with who had who had who had 
idium Cryptosp travelled Cryptosporl Cryptosporl 
I'" - '! ý ork ium dium dium 
0- 2 100 17 19 48 10.5. E 4.1 0.5 
1-10 15 46.6 187 202 274 7.4 5.4 3.2 
11-20 9 22.2 36 45 350 20 2.5 1.6 
21-30 15 60 85 100 934 15 1.6 2.1 
31-40 9 55.5 54 63 604 14.2 1.4 1.8 
41-50 3 66 16 19 375 15.7 0.8 0.9 
>51 2 50 16 18 550 11.1 0.3 { 0.1 
Total 55 52.7 410 466 3135 11.8 1.7 1.4 
Over the seven years, up to a fifth of Cryptosporidium patients had recently returned from abroad, but 
In the two years when there were over 80 cases (1986 and 1989), the travel associated cases 
represented less than 1 in 12 of all Infections (Table 6.22.6). This suggests that the cause of higher 
numbers of cases in these years Is not due to larger numbers of patients returning from abroad. 
Table 6.22.6 Travellers with Cryptosporidium and Diarrhoea 1984-1990 
Date 1984 1985 1986 1987 1988 1989 1990 1984-1990 
Total 
Total 388 424.: 401 497 . 
556 622 473 3361 
Cryptosporidium 6,, 7 4 8 7 11 12 55 
% 1.5 1.7 1 1.6 1.3 1.8 2.5 1.6 
All Crypt 47 62 82 40, 30 145 60 466 
% travel 12.8 11.3 4.9 . 
20 23.3 7.6 20 11.8 
Travel raises the exposure of people to the organisms causing infectious diarrhoea, due to lower 
standards of hygiene, although excessive alcohol consumption, overexposure to the sun, the 
consumption of 'foreign' food, and swimming In polluted water also predispose people to stomach 
upsets. Faecal samples from patients with diarrhoea who have recently travelled, gave a higher 
percentage of 'positive faecal isolations than those who have not recently travelled. With some 
pathogens, notably Shigella spp. the majority of Infections In non epidemic years are from people 
recently returned from abroad. The seasonality of travel associated Cryptosporidlum Infections, with a 
high Incidence In spring and autumn, Is similar to that found In non travel associated cryptosporidlosls, 
and may Indicate water born infection, with spring and autumn rains causing reduction In water quality, 
animal Infection around lambing and calving periods, or reduced Infection In the summer due to the 
341 
effect of sunlight on oocysts. The seasonality of infections does not appear to be due solely to most of 
the travellers with diarrhoea presenting in September and October, although the common occurrence 
of family outbreaks suggests travellers may increase the community exposure to infection. 
6.23 Immune-deficient patients. Cryptosporidium Is an important cause of diarrhoea in Immune 
compromised patients, and it would therefore be useful to know the level of infection within a population 
of people with compromised immunity. The prevalence of Cryptosporidium In HIV positive patients was 
determined to see if infection was more common than In the general population. 
The main groups of people with Impaired or compromised immune systems are patients on 
chemotherapy for cancer or leukaemia, patients awaiting or recovering from organ transplants, people 
with a genetic defect in the immune system, and people Infected with HIV. Brighton Is a popular town 
for the gay community, and has a higher than average population of homosexual and bisexual men, and 
of HIV positive people. The cumulative prevalence of HIV was approximately 133 per 100,000 of the 
population In 1989, compared with 23 per 100,000 in the United Kingdom, and 36 per 100,000 In 
Scotland (Brighton Health Authority, 1990). Gay or bisexual men continue to represent 90% of HIV 
positive people In Brighton. Human Immunodeficiency Virus (HIV) Infected patients In Brighton Health 
District were mostly in the 20-50 year old age group (Table 6.23.1 In Appendix 8; Figure 6.23.1). There 
were 654 patients who tested positive for HIV in the laboratory between 1984 and 1990, but hospital 
records show only 362 HIV positive patients of whom 61 were not resident within Brighton Health 
District. There were 132 AIDS cases during this period, 14 of which were not local residents, and there 
were 93 deaths. Some patients included under HIV positives were probably suffering from AIDS, but 
were not recorded as such. The difference between the laboratory figures of HIV positive patients, and 
the hospital records, were thought to be caused by test duplication due to both names and anonymous 
codes being used for sending samples for testing, although there may be some under-reporting of HIV 
positive patients. Some HIV positive samples were sent from laboratories outside the health district, and 
these were eliminated from laboratory figures. A further group of patients were those moving to Brighton 
from other Health Districts, and these could not be differentiated from long term residents. For these 
reasons Figure 6.23.1 probably represents an overestimation of the resident known HIV positive 
population, although the figures are probably an underestimate of the true HIV positive population, due 
to the unwillingness of people to be tested for legal, social, and other reasons, and because of the 
asymptomatic nature of early HIV Infection. 
Of the 654 patients (301 according to BHA) with HIV antibodies between 1984 and 1990 (0.15% of the 
population), 7 (1.1 %a) had C. parvum In their faeces (Table 6.23.2), compared to 399 (0.14%) of the 
immunocompetent population in Brighton Health District (Table 6.23.3). The population of HIV positive 
patients over the study period increased exponentially, and therefore these two figures are not directly 
comparable. The number of Cryptosporidium Infections Increased with the Increasing size of the HIV 
positive population, and 3.3% (1/30) of HIV positive patients under 20 were positive compared with 1.5% 
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Figure 6.23.1 HIV + patients diagnosed 
in Brighton Health District 1984-1990 
36 
Patients (Numbers) 
1990 
30 ® 1989 
25 19B8 
1987 
20 1986 
1985 
15 ® 1984 
10 
urn 
06 10 15 20 25 30 35 40 45 60 55 60 65 70 
Age (Years) 
Figure 6.23.2 Age distribution of HIV 
patients with Cryptosporidiosis and AIDS 
Patients (Numbers) 
250 
200 
150 
100 
M Cryptosporidium HIV" 
AIDS Deaths 
AIDS patients 
HIV " patients 
50 
0 
10 20 30 40 50 60 70 80 
Age (Years) 
343 
(6/406) of patients between 21 and 40, and none of 106 patients over 41. The incidence of 
cryptosporidiosis in patients with AIDS was 5.3%. In these two groups the incidence was higher in 
people between 21 and 30 than in those between 31 and 40, although numbers were Insufficient for 
significance testing: 
Table 6.23.2 HIV antibody positive patients in Brighton Health District 
84-90 HIV + AIDS AIDS Cryptosporidium 
Age Total 
Population alive Patients Deaths Nos 96 in 96 in HIV + in 1990 ;,. to 1990 to 1990. AIDS HIV + 
0-10 9 9 1 0 1 100 11.1 
11-20 21 5 0 0 0 0 0 
21-30 207 156 18 13 3 16.6 1.44 
31-40 199 163 81 58 3 3.7 1.5 
41-50 103 112 15 9 0 0 0 
50-60 32 29 10 10 0 0 0 
61-70 12 17 0 0 0 0 0 
71-100 0 2 0 0 0 0 0 
NK 71 68. " 7 3 0 0 0 
Total 654 561 131 93 7 5.34 1.07 
Table 6.23.3 Incidence of cryptosporidiosis in HIV +. AIDS and Immunocom extent 
peoble over seven years 
% of population who had cryptosporidiosis during 7 years 
Age HIV + AIDS Immunocompetent 
<20 3.3 100 0.34 
21-40 1.4 6.0 0.17 
>40 0 0 0.02 
Total 1.1 5.3 0.14 
Cryptosporidium was not demonstrated In rectal smears from 55 male homosexuals with diarrhoea, or 
in 218 without diarrhoea, examined between 1984 and 1985. Following this study period asymptomatic 
patients were not examined, and patients with diarrhoea submitted faecal samples. 
This experiment provides evidence that cryptosporidiosis was more common in AIDS patients under 40 
than In the those over 40, and was six times more common In patients under 30 than In those between 
31 and 40. This could reflect differences In lifestyle between these groups, or a difference In susceptibility 
to infection, resulting from previous exposure to Infection. It Is not clear what the real HIV positive 
population size is, and it Is also dificult to determine the number of homosexual males within the Health 
District. The age specific incidence and prevalence of cryptosporidiosis Is of relevance because it shows 
the distribution is similar to that In Immunocompetent people, Indicating there Is an inate or acquired 
resistance to infection in most people over 40 years old, Irrespective of immune deficiency. If this is due 
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to specific immunity caused by prior exposure, then It suggests that vaccination could provide protection 
against infection in these patients. 
Assuming that exposure to Infection is similar between the two populations (HIV positive and negative), 
then diagnosed cryptosporidiosis is about 8 times higher in HIV positive people, than in the rest of the 
population, and there are several explanations for this difference. However, sexually promiscuous 
homosexuals have a higher exposure to Entamoeba histolytica and Giardia lamblia (Weber, 1985). and 
possibly to C. parvum as well. The real HIV positive population may be larger than the known one, 
resulting In a lower real Incidence of cryptosporidiosis. It is known that cryptosporidiosis Is often more 
severe and prolonged in immunocompromised people (Soave, 1988), and this means that Infections in 
these patients are more likely to be diagnosed. 
6.24 Combined infections and microbial associations. Cryptosporldlosls is widely recognised as a 
cause of diarrhoea, but the simple view of causation Is complicated by the presence of combined 
Infections (Casemore, 1990). Because the extent of combined Infections may throw some light on the 
epidemiology, the number of combined infections was examined. Nearly eight percent (37/466) of 
patients with cryptosporidiosis had a second potential pathogen, and two of these patients had a third. 
The number of combined Infections with each organism shows a similar ratio to that seen for total 
pathogens during the study period (fable 6.24.1), with slightly more ShIgella and Giardia Infections as 
a percentage of their respective totals, than Salmonella and Campylobacter, and the Entamoeba coil 
combined Infections represented an even higher percentage of the total. 
Table 6.24.1 Cryptosporidium infections in which there is one or more other pathogens 
Second organism Numbers of patients Total patients % 
1984-1990 1984-1990 
Campylobacter 11 1775 0.6 
Salmonella 8 1268 0.6 
Shigella spp. 4 410 0.9 
Giardia lamblia 5 529 0.9 
Entamoeba cola 4 107 3.7 
Candida albicans 2* 
Rotavirus 1 1112 0.08 
Echovirus 11 1 
Aeromonas hydrophila 1 62 
Enteropathogenic E. coli 1 100 
Aspergillus niger 1* 
* Demonstrated In patients with AIDS 
Five of the 37 patients with combined infections (13.5%) were HIV positive, although only 2 of these were 
with organisms which are enteric pathogens in Immunocompetent patients. This represents 71 % of HIV 
positive patients with cryptosporidiosis. The age distribution of patients with combined Infections showed 
a higher percentage in children between 1 and 5 years old (Table 6.24.2), although viruses and 
enteropathohenic E. coll were not looked for In other patients, and shigella was more common In this 
group. 
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Table 6.24.2 The age distribution of patients with Cryl? tosporidium and a second pathogen 
Age group Cryptosporidium All Cryptosporidium Combined infections as a% of total 
combined Infections 
0 0 19 0 
1-5 19 165 11.5 
6-20 5 82 6.0 
21-40 12 163 7.3 
>40 1 37 2.7 
Total 37 466 7.9 
The number of infections per month with Salmonella, Campylobacter, Glardia and Cryptosporidium, were 
plotted against each other to look for overall associations between the seasonal distribution of 
pathogens Figure 6.24.1 to 6.24.6). Using scatter plots, there was an association between 
Campylobacter and Salmonella, both of these being more common in the summer (Figure 6.24.1). There 
was no association between Salmonella and Cryptosporidium (Figure 6.24.2), Salmonella and Glardia 
(Figure 6.24.3), Campylobacter and Giardia (Figure 6.24.4), or Campylobacter and Cryptosporidium 
(Figure 6.24.5). There was some correlation between Cryptosporidium and Glardia (Figure 6.24.6), and 
there were few months when there were less than 4 Giardia patients and over 8 Cryptosporidium 
patients. The Campylobacter and Salmonella association is probably due to similar epidemiological 
factors. Both organisms grow In food, are food borne (although Campylobacter Is sometimes associated 
with water), and are more common in the summer. The association between Cryptosporidium and 
Giardia may also be due to similarities In epidemiology. Both are resistant to chlorine (Smith et al, 1990), 
and have been shown to cause waterborne outbreaks (Badenoch, 1990), and both are unable to grow 
In food, but cysts or oocysts may be capable of surviving on some uncooked salad foods. Glardia and 
Campylobacter have both been found in association with Cryptosporidium (Casemore et al, 1984; 
Wolfson et al, 1984; Jokipii et al, 1985). The infrequent association between Salmonella or Shigella, and 
waterborne Infection in Great Britain In recent years (Galbraith et al, 1987), suggests that combined 
infections are unlikely to be due to this route. It Is possible that Infection with one of these pathogens 
may allow the recurrence of Cryptosporidium oocyst excretion In patients who have recovered from 
cryptosporidiosis, but there is no evidence for this. Infection in members of the same family with 
Cryptosporidium and Shiaella sonnet provides evidence that combined infections are probably the result 
of being infected with two or more pathogens from the same source. 
346 
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6.25 Seasonal distribution. The monthly number of cases was plotted to try to detect outbreaks, and 
to see if there was an annual increase in cases at any time during the year. Cryptosporidium was less 
common in summer and winter months than in spring and autumn (Figure 6.25.1). Campylobacter and 
Salmonella were more common in the summer months (Figure 6.25.2 and 6.25.5), and Giardia was more 
common In the autumn (Figure 6.25.3). Shigella showed a sporadic / epidemic picture, with infections 
in most years being In adults who had recently returned from abroad, but In epidemic years, infection 
was mostly in children, and was aquired by person to person contact (Figure 6.25.4). When the number 
of patients per month was plotted for the seven years of this study (Figure 6.25.6, and 6.25.8 to 6.25.11), 
the annual trends could be seen more clearly, although large epidemics, like those of Shigella, can 
obscure underlying trends. The peak in both Salmonella and Campylobacter Infections was In July, 
although the number of Campylobacter Infections rose earlier than those of Salmonella. Giardia 
infections were consistently higher in the second half of the year, with April, July and December giving 
the lowest numbers of patients. Cryptosporidium showed a peak of infection in September, with twice 
the number of cases In this month than In most other months (Figure 6.25.6). There were also more 
cases in March and May. When results were expressed as a percentage of all positive Isolates, between 
14 and 17% of samples which were positive, contained Cryptosporidium oocysts, In the months of 
March, May and September, compared to 6-8% of samples In June to August, and December (Figure 
6.25.7). The number of patients and specimens examined was higher between July and October (Figure 
6.25.12), and when the patients with pathogens were plotted as a percentage of these figures, results 
were broadly similar (Figures 6.25.13 to 6.25.17). With Cryptosporidium the peaks of Infection In March 
and May were more prominant when represented as a percentage of all patients (Figure 6.25.13). 
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6.26 Outbreaks. The seasonal distribution by month showed some evidence of outbreaks (Figure 
6.25.1), and the data was redrawn by week to see if more information could be obtained (Figure 6.26.1 
and 6.26.2). There were a number of possible outbreaks. When a histogram of the weekly figures was 
plotted over eight years, some of the increases were happening at the same time every year (Figure 
6.26.3). There was a higher number of patients in weeks 12,32 and 36-38, and consistently low levels 
of infection in weeks 1-2,9,21,24,26,28,47-48, and 50-52. These results suggest either that there 
regular outbreaks at the same time each year, or that seasonal factors cause an increase in the 
background level of infection. These periods were examined in greater detail. 
The 12 cases in September 1984 were all unrelated to each other, and although 3 were recently returned 
from abroad there was no obvious source of infection. The 15 cases in March 1985 were associated with 
the final weeks of a large Shigella sonnet dysentery outbreak involving four schools In Crawley, In which 
there were families and individuals with both Shi ell and Cryptosporidium Infections (Figure 6.26.4). 
Circumstantial evidence suggests that person to person spread was important in this Incident, and there 
was spread of Shigella sonnet from children to families, teachers and friends (Nichols, 1986). The 
Shiaella sonnet outbreak began in November 1984, and continued through to March 1985, with 2368 
samples examined In the laboratory, and 1390 Individuals tested. A retrospective epidemiological study 
of the outbreak was undertaken, and interviews and questionnaires from the families involved were 
completed for 18 patients with symptoms, and 10 symptomless family contacts. No common factors 
showed a significant association with infection with Cryptosporidium. 
The large increase in cases in the spring of 1986 culminating in 20 patients diagnosed in May, had no 
obvious source. The 19 cases in September and October 1987 coincided with an Increase In Glardia 
lamblia infections. 
The overall level of infection in 1989 was higher than in other years, and the outbreak In weeks 35-38 
represented the largest number of cases per week in the whole study. There were travel associated 
cases, Infections within and between families, and Increased Incidences of Cryptosporidium In both 
Brighton and Lewes, which are towns separated geographically by about 5 miles (between outer 
bounderies). 
The age distribution over time was plotted (Figure 6.26.5), and there were periods when children were 
more commonly infected, and others when adults were more commonly Infected, although In most 
months the distribution was more or less equal. The peak of infection in March 1985 shows most of the 
patients were less than 14 years old, and this was due to the outbreak of Cryptosporidium at the end 
of the school outbreak of Shiaella sonnet dysentery, and indicated that other outbreaks may be detected 
by comparing age distributions overtime 
'. 
Other peaks of infection however were more evenly distributed 
between children and adults. There were larger numbers of children Infected In July, and larger numbers 
of adults in December and January (Figure 6.26.6).. 
There were 382 outbreaks of cryptosporidiosis reported to CDSC between 1986 and 1990 (Table 6.6.2), 
and large and small outbreaks have been reported (Casemore, 1990; Badenouch, 1990; Richardson et 
al, 1991; Joce et al, 1991; Joseph et al, 1991). 
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Figure 6.26.1 Cryptosporidium in 
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Figure 6.26.3 Patients with 
cryptosporidium by week 1984-1991 
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Figure 6.26.4 Cryptosporidiosis during 
an outbreak of Shigella, sonnei dysentery 
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Figure- 6.26.5 Crptosporidium age 
distribution over time 
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Figure 6.26.6 Cryptosporidium. age 
distribution by month-1984-1990 
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6.27 Weather. The seasonal trends in infection may be due in part to the seasonal effects of weather, 
and meteorological factors were examined for the period 1984-1988, to look for evidence of an 
association with infection (Figure 6.26.1 to 6.26.6). There was no overall association between the number 
of patients infected per month and the maximum daily rainfall during that month, or with the total rainfall 
per month, although the five months in which there were more than 10 cases had a maximum daily 
rainfall of less than 20 mm, and an overall monthly rainfall of less than 100 mm. There was no 
association between mean temperature and the number of cases per month, and the more common 
occurence of cryptosporidiosis in spring and autumn makes such an association unlikely. It Is possible 
that the spring and autumn peaks could be due to Increased rainfall causing oocysts to wash off from 
agricultural land and enter public water supplies. The higher number of Cryptosporidium cases In months 
with lower rainfall, may be due to deterioration in the quality of potable water during these periods, or 
to social effects like the amount of water drunk, but there Is no evidence indicating what the association 
is. The relationship between weather and infection represents a time series in which the number of 
Infections may increase weeks after heavy rainfall following a long dry period. The viability of oocysts 
on agricultural land, and in water, Is probably affected by low temperatures (freezing), high temperatures 
and high levels of sunlight. The spring and autumn overturn in lakes and reservoirs, associated with 
water having a maximum density at 4°C, causes benthic matter (sediment which Includes 
Cryptosporidium oocysts) to be brought into suspension and raised within the water column (Singleton, 
1984), but it is unclear whether this is important. The contamination of surface waters Is largely due to 
the 45 litres/day of excreta produced by cattle, with a dairy heard of 100 cows producing 1,900 cubic 
metres of slurry over a 180 day winter (Bailey, 1990), and the more common occurrence of Incidents of 
cryptosporidiosis in cattle and sheep in the spring, following lambing and calving, indicates that water 
contamination during this period may be a cause of Infection. 
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Figure 6.27.1 Monthly rainfall to Figure 6.27.2 Monthly mean temperature 
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6.28 Weekly reports of Cryptosporidium to CDSC by region were analysed to build up a picture of 
the national distribution of cryptosporidiosis. Data on the regional and national distribution of 
Cryptosporidium was compiled by week from the CDSC oracle database by Andrew Grant and Bob 
Adak, and files were analysed in Brighton, and are presented in Appendices 9-16 (Tables 6.28.1 to 
6.28.8), and in Figures 6.28.1 to 6.28.18. 
There were large variations in regional reporting which probably reflect differences in sampling policies 
as well as differences in incidence. Yorkshire in particular has a higher level of reporting due to local 
authority policy. There was an overall national Increase in detection between 1983 and 1991, and 
numerous spikes of infection were seen. Some of these related to published outbreaks of 
cryptosporidiosis: There were outbreaks which crossed regional boundaries, Including the Oxford 
outbreak from week 10 to 12 of 1989, which was associated with increases in the four Thames regions, 
and the Wessex region. The widespread nature of this outbreak suggests that climatic conditions may 
have affected the water quality of supplies over a wider area than the documented area of Oxford and 
Swindon (Richardson et al, 1991). The regions affected during this period were all In the south of 
England. There are other possible causes of the Increases In reporting at this time. There may have been 
increased testing of patients for Cryptosporidium during the period following the outbreak due to 
increased awareness of the problem. Some of the cases may have been caused by people catching the 
infection in Oxford or Swindon, and being diagnosed in other regions, and some of the cases may have 
been caused by person to person transmission from people Infected in this way. Some of the large 
peaks were preceded by a gradual Increase in cases (Yorkshire), whereas some were not (Oxford). 
Some solitary one week peaks may have been caused by artifacts of reporting. There was additional 
information in weekly reports which could not be seen in four weekly reports. The relationship between 
this outbreak and infection Is Interesting. The Oxford/Swindon outbreak had no effect on the Incidence 
of Infection during weeks 10 to 12 in Brighton, but 1989 was the highest year for Cryptosporidium over 
the study period, and week 12 was frequently the highest week during the seven years. The outbreak 
in Brighton between weeks 36 to 38 of 1989 was associated with a regional and national Increase in 
reported infections. 
When the data was compiled as cumulative weekly reports, there was a higher number of cases in 
spring and autumn in the national figures (Figures 6.28.20 to 6.28.38). This bimodal distribution was seen 
in many regions, but some regions had a predominantly autumn distribution (North Western, Trent, and 
East Anglia, whereas others had more cases in the spring (SW Thames, Wessex, and Ireland). The 
national figures are Influenced by the large outbreaks. The slight Increase from week 1 to week 52 Is 
probably related to the improvement in detection over time. 
The associations described here show that infection is not only seasonal, but can be triggered by 
common factors, of which the water supply Is the most obvious, but may also Include people returning 
from abroad, animal Infection, and the end of school holidays. The demonstration of a more widespread 
Increase in reporting of cryptosporidlosis associated with the Oxford and Swindon outbreak, which has 
not been previously reported, suggests that either there was widespread dissemination from the source 
to other regions, or there was a more generalised problem with water quality during this period. It Is 
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interesting to see that there has been less Infection, nationally since 1989, suggesting that water 
companies are taking the problem more seriously, although this does not rule out the posibility of large 
outbreaks in the future. 
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Figures 6.28.1 to 6.28.6 Weekly reports of Cryptosporidium bYlggion In England. Wales and Ireland 
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Figures 6.28.7 to 6.28.12 Weekly reports of Cryptosporidium by region in England. Wales and 
Ireland 
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Figures 6.28.13 to 6.28.18 Weekly resorts of Cryptosi2orldium by rgglon In England. Wales and 
Ireland 
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Figures 6.28.20 - 6.28.38 Cumulative reolonal reports of Cryptosooridium In England. Wales and 
Ireland by week. Data represents the number of cases reported over 52 weeks between 1984 and 
1991 
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6.29 Crx týosporidium in the 20 ulation. The number of Infected patients detected in the laboratory 
probably reflects a small percentage of the total number of cases. In order to judge the true prevalence 
of Infection within the community, some of the parameters associated with estimates of prevalence within 
a population were constructed Into a diagram (Figure 6.29.1), and numbers were Introduced for the local 
population, based on data from this study, estimates from national figures, and estimates based on 
extrapolations of either or both (Table 6.29.1). Of the 466 patients with cryptosporidlosis, 436 (93.5%) 
were from within Brighton Health District, and 50 of these were hospitalised. 
Evidence in Chapter 5 indicates that the direct auramine film detected 89% of samples which contained 
Cryptosporidium oocysts, and this suggests that about 490 of the patients examined were excreting 
oocysts. The Royal College of General Practitioners ongoing study of GP consultations, shows a rate 
of 55/100,000/week for new episodes of infectious Intestinal disease. In Brighton Health District this 
represents 59,784 consultations over the seven year study period. During this period, 27,761 faecal 
samples from patients consulting a GP, were examined in the laboratory, and this was from 18,677 
patients. There was a specimen submitted In 46.4% of consultations, but in only 31.2% of patients. 
Assuming that there was no difference between those patients who had a specimen taken, and those 
who did not, then approximately 1,570 patients attending a GP had cryptosporidiosis during the seven 
year period. The situation with hospital patients is less easily examined because Information on hospital 
admissions for infectious Intestinal disease is not very reliable, and many patients develop diarrhoea 
following admission. Assuming a higher level of laboratory testing of hospital patients, around 80% of 
inpatients with diarrhoea had a sample tested, suggesting that around 70 patients In hospital had 
cryptosporidiosis. " 
This makes an estimated total of 1,640 people with cryptosporidiosis who used part 
of the National Health Service for support during the 7 years of the study. This represents 0.5% of the 
population, or 78/100,000/year. The assumption, based on local experience, that the number of patients 
tested Is only a percentage of people with diarrhoea, Implies that over 1% of the population had 
cryptosporidiosis during the seven year period. 
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Figure 6.29.1 Parameters associated with the estimation of the prevalence of crygtosporldiosis 
in a population 
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Table 6.29.1 Population parameters for determining the prevalence of crvptosporidlosis 
Group Code Number In Number per Numbers per 
Brighton over 100,000 per year year In England & 
7 years 1984- Wales 
90 
Total population 'a 
Infected population b 
People Infected with Cryptosporidium c 
People with symptomatic diarrhoeal disease d 
People with symptomatic cryptosporidiosis a 
GP consultations for Infectious Intestinal disease f 
Hospital admissions with infectious Intestinal disease g 
Contacts traced by EHO's h 
Specimens from GP patients 
Specimens from Hospital patients j 
Specimens from EHO's k 
All specimens tested In the laboratory o 
GP patients tested In the laboratory 
Hospital patients tested In the laboratory m 
EHO patients / contacts n 
All patients tested in the laboratory p 
All patients positive for any pathogen q 
All patients with Cryptosporidium r 
300,000 100,000 50,242,000 
Not known Not known Not known 
Not known Not known Not known 
Not known Not known Not known 
Not known Not known Not known 
59,601 2,854 1,433,906 
Not known Not known Not known 
Not known Not known Not known 
27,761 1,329 667,875 
15,966 764 384.110 
1,951 93 46,929 
45,678 2187 1,098,923 
18,677 894 449,332 
10,742 514 254,431 
1,286 61 30,938 
30,731 1471 739,327 
7,206 345 173,362 
466 22.3 11,211 
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6.30 Projections of lifetime exposure. The minimum number of people who get cryptosporidiosis 
at some time during their life, was estimated to give some Idea of the extent of infection and 
immunity one could expect. - 
The age specific Incidence of cryptosporidiosis was fairly constant over the study period, and none 
of these patients had reinfections. An estimate was made of the percentage of the population who 
have had cryptosporidlosis at some time In their life, assuming only I In 5 patients with diarrhoea 
present to general practitioners or are admitted to hospital (Table 6.30.1). This gives a minimum 
estimate of around 30% of the population Infected with Cry tgos orgldium by the age of 40. 
ý+. 
Table 6.30.1 Estimate s of the lifetime ex posure to Crvntosnoridi um 
Age Population Patients with Estimate of the Estimated People 
mean cryptosporidiosis numbers of prevalence Infected at 
1984-1990 detected in cryptosporidium per 100,000 some time 
Brighton infected people within per year through life 
1984-1990 the total population per 100,000 
1984-1990 population 
0 3703 17 64 1233 1233 
1 3423 70 263 5494 6727 
2 3423 41 154 3218 9945 
3 3423 16 60 1256 11201 
4 3423 14 53 1099 12300 
5 3095 15 56 1302 13602 
6-10 15142 31 117 550 16352 
11-20 37144 43 162 311 19462 
21-30 46796 93 350 534 24802 
31-40 38400 60 226 420 29002 
41-50 35158 18 68 138 30382 
51-60 30998 6 22 52 30902 
61-70 33531 7 26 56 31462 
71-80 25829 4 15 42 31882 
81-90 11840 1 4 23 32112 
>91 3474 0 0 0 32112 
Total 298802 436 1640 392. 
On the basis of results from a two year study of cryptosporidiosis In England and Wales (Palmer et 
al, 1989) the percentage of diarrhoeal stools was shown to vary between 0.5% and 3.9% with a mean 
of 2.1 % overall (Brighton was 2.2% in this study). If these figures are a good representation of what 
happens nationally then there must be a minimum of around 8400 cases of cryptosporidiosis 
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detected in the United Kingdom annually, and this Is slightly more than numbers reported to the 
Communicable Disease Surveillance although these figures must represent an underestimate of the 
true Infection rate in the country. Using the same criteria as that used above, an estimated 200,000 
people are Infected with rvm every year. Assuming that past Infection confers some protection 
against reinfection, it Is likely that large scale exposure In the past may be the reason why there are 
few Infections in adults. Over longer periods of time Cryptosporidium has probably varied In 
pervalence in the same way that other pathogens have. It is possible that the pandemic of Shlaella 
sonnet dysentery in the 1950's was associated with higher levels of community cryptosporidiosis, 
and this may explain the uncommon occurance of infection in patients over forty years old. 
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7.1 The four level view. The experimental side of this thesis has attempted to examine the biology 
and epidemiology of Cryptosporidium through the development of a typing system, and by examination 
of Information on Infected patients. Alongside this experimental work has been an attempt to understand 
the place of Cryptosporidium in the world, its relevance to human and animal life, the reasons it has 
evolved In its particular niches, and the mechanisms which cause the disease symptoms associated with 
infection. All living organisms are organised at, and reproduce in, up to four nested reproductive units, 
which are the nucleic acid strand, the cell, the multicellular organism, and the nation. Cryptosporidium, 
like other single celled parasites, has only the first two of these reproductive units, but the human host 
exists on all four levels, and examining all levels gives a more complete understanding of 
cryptosporidiosis in man. 
7.2 Advantages of the typing technique. The typing technique was able to distinguish between 
Isolates of Cryptosporidium, but could also show differences between Isolates of C. rvum. The 
technique developed for detecting antigens provides a useful, objective way of characterising newly 
discovered isolates of Cryptosporidium spp. which may represent new species. Comparatively small 
numbers of oocysts are required to get a banding pattern, and the patterns appear to be stable and 
reproducible. The oocysts do not need to be Inoculated Into experimental animals, and the oocyst 
suspension does not need to be completely pure. This technique could be used to Investigate outbreaks 
of cryptosporidiosis, as there were significant differences in the banding patterns of isolates from 
different host species, and between different Isolates from the same species. The bands have been 
shown to represent Cryptosporidium antigens, and before extraction are resistant to many enzymatic 
and chemical treatments. The typing system appears robust, but further work with single Isolates grown 
In different host species should be done to confirm that the variation In the banding pattern Is not 
caused by the host or its flora. 
7 .3 Limitations of 
the typing technique. There are a number of problems with the technique which 
may limit its use for processing large numbers of samples. The first Is the sensitivity of the detection 
technique. Most of the samples from patients and animals with cryptosporidiosis, produced at least one 
band on western blots, but fewer produced multiple bands. This appeared to be due to the Insensitivity 
of the technique, rather than isolates not producing multiple bands. The sensitivity of the typing 
technique could be improved by using a more sensitive label for the monoclonal antibody, or by 
transferring more antigen onto the nitrocellulose. The FITC-MAB-C1 detection using anti-FITC labelled 
with alkaline phosphatase proved very specific, but the sensitivity could probably be Improved with a 
radioactive or light based detection system. More antigen could be transferred to the nitrocellulose if 
thicker (width) gels were used, with a larger sample volume. There may also have been differences In 
the transfer of antigens of different molecular weights, due to the greater mobility of low molecular 
weight antigens, and their ability to pass through nitrocellulose membranes. This problem may be 
reduced if gradient gels are used, because the lower molecular weight antigens will be transferring from 
higher concentration gels, giving more even transfer rates. The use of commercially prepared gradient 
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gels was unsatisfactory, due to the unevenness of the gradients. 
The number of oocysts required to produce a good pattern Is clearly a limit to the technique, and the 
microscopic detection of small numbers of oocysts using specific fluorescent labelled monoclonal 
antibodies will be more sensitive, particularly when detecting oocysts in water samples. The use of a 
single monoclonal antibody in this technique has been both a limitation, and an advantage. Additional 
monoclonals would create a more complex banding pattern, and could allow greater differentiation of 
isolates, although the use of a single, genus specific antibody, which binds to many bands, provides a 
standardised technique for differentiating species. 
7.4 Future typing techniques. One of the problems with typing techniques for protozoa, Is that it 
is not always clear what the detected differences represent. With the typing technique described here, 
the differences probably represent an antigenic epitope present on a subunit protein, or on several 
proteins. To make typing more specific requires the development of a system for differentiating between 
species at the genetic level, and if the DNA is sequenced such a system could be used as a species 
reference standard; as the ability to preserve many isolates is limited. 
.j 
7.5 Ribosomal RNA is an attractive target In nucleic acid probe detection systems because of the 
large number of copies present In cells. However, because the rRNA genes are highly conserved In 
evolutionary terms, the probe sequence must be selected carefully to achieve the required specificity. 
Fortunately rRNA sequencing for taxonomic purposes has been employed extensively, and consequently 
methods for direct sequencing of the rRNA subunits that are both rapid and convenient have been 
developed. Specific probe oiigonudeotides of around 20 nucleotides could be used for the detection 
of oocysts in several ways. End labelled probes could be used for the direct detection of rRNA on dot 
blots, and this approach would be simple, rapid and require only a minimum of equipment. The 
technique could be applied to unhatched oocysts, and if, as seems likely, these are Impermeable to 
probe, it may be possible to probe before and after excystation to give an indication of whether oocysts 
are viable. Although this approach is promising, oocysts are often present In environmental samples In 
very small numbers, and although there are 103 or more target sequences per cell, the sensitivity of 
detection may be insufficient in some instances. In situ hybridisation to the oocyst rRNA should result 
in greatly enhanced sensitivity, and eliminates the need for gene amplification (Waters & McCutchan, 
1990). 
7.6 Polymerase chain reaction. An alternative to direct detection, which offers the advantage of 
exquisite sensitivity and excellent specificity, Is the use of the polymerase chain reaction (PCR) using 
primers based on rRNA sequences or other genetic elements. A disadvantage of the PCR is that it may 
not be suitable for detecting material extracted from faeces or water because of the high degree of 
contamination with other organisms, as well as enzymes and chemicals. An advantage of PCR for work 
on Cryptosporidlum is that it is probably possible, under the right conditions, to copy the genes from 
single sporozoites, and use these to study the population genetics. The use of restriction fragment length 
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polymorphism (RFLP) analysis for epidemiological typing has been applied successfully to strains of 
several bacterial species (Saunders et al, 1990; Saunders et al, 1989; Jones et al, 1990), and has been 
used for the comparison of isolates of human and bovine origin (Ortega et at, 1991), but is limited by 
the need to use relatively large numbers of purified oocysts. 
Two new techniques offer the potential for extremely sensitive typing schemes. A PCR technique for 
amplifying human minisatellite DNA which preserves the allelic specificity of the number of repeat units, 
has been used In forensic and legal medicine (Jeffreys et al, 1991; Farr & Goodfellow, 1991). This 
system, using variable numbers of tandem repeats (VNTR), may be able to be adapted for parasite work. 
A second PCR technique uses random amplified polymorphic DNAs (RAPDs), by using synthetic ten 
base long chain of nucleotides to search for variations in DNA (Hedrick, 1992). The technique has 
problems with diploid organisms because it will not detect the absence of dominant genes, and it is 
expensive, and has problems of poor repeatability. Both of these new techniques, but particularly the 
RAPD one, would require purified material for reliable results. ' 
7.7 Identifying Cryptosporidium spu. In water. Development of a sensitive, species specific, and 
relatively easy method for demonstrating CWtosporidium sDD in water samples is limited by numerous 
constraints. C"parvum Is often present In small numbers, even after filtration and extraction, and there 
can be large amounts of organic or Inorganic material present. There are morphologically similar 
organisms present In water which are not Cryptos ripo dium, and there are non C. parvum cryptosporidia 
which can also be present In water. Currently Identification of C. rvum is by the use of two or more 
monoclonal antibodies (Smith & Rose, 1990). There Is a requirement for sensitive and species specific 
gene probes to detect and identify the oocysts of the Cryptos radium spp which are infective to 
humans, when they are present In water. 
7.8 The status of C. ap rvum. Results from the western blotting Indicate that there are differences 
between, Isolates of C. pgrvum. Differences have also been demonstrated between Isolates using 
restriction endonuclease analysis, and the probe used detected 18 bands which were present In all 
Isolates, as well as bands which were only found In some Isolates (Ortega et al, 1991). These results 
suggest that the differences seen between Isolates probably represent variants, or sub-species, rather 
than species differences, but better tests are required to determine whether all C rvum Isolates belong 
to one species. It Is both reasonable and practical to regard C. rvQ m as a single species at the present 
time. It is likely that C. wr Ir Is a separate species, and it is convenient to refer to it as such, but good 
taxonomic evidence is required to show that it Is not a subspecies of ßp1. 
'7.9 implications of typing results. The typing results show differences between Isolates at the 
species level, and possibly at subspecies level, and there are Implications concerning the evolution of 
Cryptosporidium resulting from these results. Species maintain their Integrity through geographic 
separation, and/or genetic and physical Isolation mechanisms. The geographic isolation which was 
important for the speclation of Darwin's finches may be Important In the biology of ClyDtosooridium sno. 
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If the widespread occurrence of Cryptosporidium extends back millions of years, then It Is reasonable 
to assume that, prior to man, organisms infecting mammals present in America, Madagascar, Australia, 
etc., were genetically Isolated, and would have developed as Individual species through allopatric 
speciation. This would have left a number of mammalian species of Cryptosporldium around the world, 
but the Introduction of worldwide travel, and the movement of domestic livestock, has resulted In a 
worldwide distribution of rvm. What remains unclear is whether this organism is the same 
throughout the world, and if it is, whether Australia, and other Isolated land-masses, were recently 
colonised, or were the source of organisms causing widespread diarrhoeal Infection In man. The 
widespread occurrence of C. pgrvum in wild animals throughout the world suggests that it has been 
present in wild animals for a long time. Cryptosporidium sßß may also be Isolated by their site 
preferences. Thus a species which grows only In the respiratory tract of birds, cannot reproduce with 
species which grow only In the cloaca, or bursa of Fabricius, because interbreeding requires that both 
organisms grow In the same site, where their gametes can fuse. This allows for the possibility of 
sympatric evolution, although the widespread contamination of the environment with oocysts of 
C. pslrvum, and its broad host range, would make it unlikely that speclation could occur without 
geographic Isolation. Cross breeding experiments between Isolates of Cryptosporldlum representing 
different species have not been tried, and techniques for the detection of hybrid organisms have only 
recently been available, but it Is reasonable to assume that there Is some genetic Isolation between 
species, that hybrids may or may not be formed between some species In the laboratory, and that 
hybridisation under natural conditions Is uncommon. Being haploid for most of their life cycle means that 
minor genetic rearrangements within the chromosomes of a species may prevent hybrids forming. 
7 . 10 The maintenance of heterogeneity within populations 
is important in the ability of organisms 
to respond to changing environmental conditions, and this Is more easily achieved In diploid populations 
than In haploid ones (Gould & Gould, 1989). The short term advantages of diploidy are firstly, that 
organisms have a second copy of a gene which can be used if the first copy is damaged, secondly that 
the two gene copies produce slightly different gene products which can have slightly different enzymatic 
or structural properties, and thirdly that mutated genes may be retained and produce adaptive changes. 
One possible reason for the evolution of sexual recombination Is that rearrangement of the genes of 
diploid organisms reduces the probability of mutations occurring In both copies of crucial genes, and this 
is called the 'diploid trap' theory. The disadvantage of diploldy Is that significant extra resources have 
to be expended to produce two copies of each gene. Many protozoa have a predominantly haploid life 
cycle, with a diploid sexual stage, and this reduces the disadvantage. For most of the time there are only 
single copies of individual genes In each organism, which means that for the most part lethal mutations 
will cause the death of the Individual parasite In which they occur. Only the zygote Is diploid. 
Heterogeneity can be maintained, however, because Infection Is rarely with a single oocyst, and even 
a single oocyst contains four sporozoites, two of which will contain different mixtures of single copies 
of the two parental gene complements than the other two. It is probable that. under natural conditions, 
the haploid cryptosporidia present in the bowel of an Infected animal will contain a number of different 
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copies of some genes, and these are maintained through the sexual recombination which occurs at the 
end of each round of the life cycle. Because of the autoinfective thin walled oocysts, the sexual cycle 
will pass through a number of rounds in a single host, and there will be a complex mixing of genes. The 
molecular markers detected by MAB-CI In this study are insufficiently sensitive to be used to detect 
these effects, but gene probes for two different genotypes of the same gene could be used to detect 
sporozoltes with and without particular genes, using in situ hybridisation. This approach could be useful 
in examining the genetics of Cryptosporidium, and the different genotypes of genes could be determined 
by isolating many copies of variable genes using PCR. 
7.11 Eeidemioloay. Evidence from local and national data Indicates that, apart from large outbreaks 
with a common source, most infectious diarrhoea within the community Is caused by a diverse variety 
of pathogens, and these pathogens usually represent a heterogeneous population of types and species. 
It Is likely that the Infectious protozoa In general, and Glardia, Entamoeba, Cryptosporldium and Intestinal 
microsporidia In particular, are also heterogeneous populations, with type and/or species differences. 
The typing work provides some evidence for Isolate differences with Cryptosporidium. 
There -has been considerable study of the sources of Infection with C. narvum. but the relative 
significance of each possible source is often unclear. In this study a number of routes of Infection were 
Implicated, Including person to person transmission In nursery schools, schools, and from friends, family 
members, animals, raw milk, and possibly pet food. Water was not clearly associated with Infection, 
although one outbreak of Infection may have been waterborne. In people with diarrhoea who had 
recently travelled abroad cryptosporidiosis was common, and Infected travellers may be a significant 
source of Infection within the community. The age distribution data showed the Incidence of 
cryptosporldiosis was highest at 1-2 years of age In a number of different population groups, Indicating 
that lack of infection In older people is at least In part due to Immunity, and the steadily decreasing 
Incidence throughout life Indicates that acquired immunity may be the reason. Against this argument, 
the sex distribution suggests women of child bearing age are more commonly Infected, presumably from 
contact with their own, or other, children. The Incidence of cryptosporidiosis In travellers with diarrhoea 
shows that there Is a lower Incidence In older people, and as exposure to Infection abroad Is likely to 
be greater, due to contaminated food and water, this indicates that there Is a higher resistance to 
Infection In older people. 
7.12 Data limitations. The use of one year age bands allows the details of differences between 
pathogens to be seen more clearly, and it appears that both differences In exposure to Infection, and 
resistance to Infection are Important in producing the distributions detected. Comparison of data from 
other enteric pathogens shows that using narrower age and time bands, allows the differences between 
pathogens to be seen more clearly. The denominator data produced differences In the Incidence of 
cryptosporidiosis in different population groups, and national data Is limited by the absence of good 
denominator data, as well as variables introduced by the reporting process. A systematic use of a simple 
preemptive questionnaire, which is filled in by each patient when specimens were submitted, together 
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with a computer database with flexible search facilities, could allow age and seasonal distributions of 
patients who, for example, drank more than 2 cups of water a day, or ate at a restaurant within the last 
two weeks, to be plotted for all patients, and for those with specific pathogens, and significant 
differences could be detected. A study followed in this way could allow sporadic infections to be related 
to environmental, social, or other factors which could not be detected using conventional case/control 
studies following an outbreak, but could produce specific statistical evidence of the sources of infection. 
There is a need for an epidemiology database front end program which automatically generates 
analysed data (metadata) from raw data (patients affected), and presents it in a graphical, geographical 
and statistical form, and in sufficient detail, where that Is required, but using sufficiently large groups that 
statistical significance can be determined. 
7.13 Waterborne Infection. There appear to be three main types of waterborne Infection. The large, 
or small, discrete outbreaks of Infection associated with the contamination of the mains supply with 
animal or human sewage, or filter backwash water, have been well documented (Smith & Rose, 1990), 
and some regional spikes of infection may be due to this. Contamination of drinking water after it leaves 
the distribution system has also been demonstrated, and recreational water In swimming pools, lakes, 
and the sea, can be a source of infection (Sorvillo et al, 1990), and swimming pool Infection has been 
reported (Galbraith, 1989), but it Is difficult to demonstrate infections from sea water due to their 
sporadic nature. It remains possible that low level contamination of the mains water can cause sporadic 
cases of cryptosporidiosis, but there has been no evidence for this. A case-control study of sporadic 
cryptosporidiosis should be used to Investigate whether there Is an association between water 
consumption and Infection, In patients for whom no other likely source Is Implicated. Such sporadic 
infection may be Important in Inducing Immunity within the community. The contamination of drinking 
water for farm animals may be Important for the transmission of C. narvum In cattle, sheep, and other 
animals. 
In conclusion the source of Infection in most patients appears to be person to person transfer, and as 
young children are the group most commonly Infected, Infection is most commonly caught by coming 
into contact with Infected children. 
7.14 Modelling Infection. The data produced In this study provides Information for modelling 
cryptosporidiosis within the community. The SEIR model uses a set of coupled differential equations 
describing the rates at which susceptible, exposed, infected and recovered portions of the population 
grow and diminish, and the mathematics used to model chaotic systems can be applied to epidemiology 
(Sidorowich, 1992). While such modelling may not appear to be of anything other than academic value. 
it could become important for looking at ways of reducing the risk of HIV positive people getting 
cryptosporidiosis, particularly in developing countries. 
7.15 Herd Immunity. Policies of reducing the level of Infection with enteric pathogens within the 
community will also reduce the level of Immunity within the population. With Infectious agents which are 
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transmitted by the person to person route, a significant reduction In population Immunity will Increase 
the likelihood of larger outbreaks of infection In the future. Modelling may Indicate to what extent this 
Is likely to be a problem.: 
7.16 Determining the significance of enteric organisms in disease. While the significance of 
cryptosporldiosis Is well understood, the significance of numerous other potential pathogens are not. 
Koch's postulates are an Inadequate way of determining the etiological role of potential pathogens, and 
a new set of parameters are required. These parameters should be examined by an expert national or 
International committee, and published, reports should provide clear data and guidance on the 
significance, morbidity, mortality, economic importance, epidemiology and treatment of infections, and 
whether diagnosis is desirable, essential, or Irrelevant. Research Into areas In which Information Is 
needed should be commissioned. 1 
7.17 Pathoahysiology of cryptosporidiosis. The pathophysiological causes of cryptosporidiosis 
were reviewed (Chapter 2), and the chemiosmotic mannitol hypothesis was proposed (Chapter 1) as an 
explanation for the watery diarrhoea, for the maintenance of the parasitophorus and oocyst vacuoles, 
and for the stunting of villi. The hypothesis should be comparatively easily tested by the demonstration 
of mannitol in the lumen of Infected animals, and in oocyst preparations. If the hypothesis Is correct, the 
enzymes involved (mannitol-1-phosphate dehydrogenase and mannitol-1-phosphatase) would be good 
targets for chemotherapeutic drug action, due to their absence in mammalian systems. If the hypothesis 
Is Incorrect, then It is possible that a more conventional toxin may be involved. 
7.18 Therapy. The commonest situation in which Cryptosporidium is the cause of death in humans 
is probably In malnourished children In developing countries. Oral rehydration therapy is the greatest 
medical advance In the last 30 years, saving millions of childrens lives every year, by the oral 
administration of a mixture of salt, sugar and water. The finding by Argenzlo et at (1990) that glucose 
stimulated Na+ and water absorbtiori is completely Impaired in pigs infected with C. rvum suggests 
that children with cryptosporidiosis may not respond as well to oral rehydration as children with other 
enteric Infections. Field trials are needed, to see if oral rehydration Is effective In cryptosporidiosis. 
Specific chemotherapy for cryptosporidiosis In AIDS patients Is urgently required, both to relieve the 
symptoms, and to effect a parasitological cure. 
7.19 Disease prevention. There are a number of possible ways of preventing disease, including 
Immunological, physical, and social methods. It is reasonable to ask if Is necessary or desirable to 
prevent cryptosporidiosis in immunocompetent people because it Is a common Infection which Is rarely 
fatal, and having the Infection confers a degree of Immunity to reinfection, and possibly to reinfection 
if you become immunocompromised. The awnser Is no. Infectious diarrhoea In Great Britain is largely 
preventable, and most people would prefer to avoid being affected. Diarrhoea In man and animals has 
national economic effects as well as personal medical effects, and preventing disease could save money. 
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A pressing medical problem exists with the growing population of Immune deficient HIV positive people, 
In whom cryptosporidiosis can be life threatening, and reducing Infection within the community should 
reduce the exposure of this group to Infection. 
7.20 Vaccination may be useful for preventing coccidial Infections In chickens, but vaccination of 
cattle and sheep to prevent neonatal Infection is likely to prove difficult. As infection is often in the first 
few days of life, vaccination of the young animals Is unlikely to prove effective, and as colostrum and 
milk do not protect calves and lambs against infection, it Is unlikely that immunising the mother animals 
will have any effect. In humans, the extent to which having had a Cryptosporidium Infection in the past 
confers Immunity to reinfection is unclear. Throughout the seven year study period there were no 
patients who were reinfected, although there were some immunodeficient patients who did not loose the 
Infection. The lower incidence of cryptosporidiosis In older AIDS patients, if confirmed in larger studies, 
may indicate some natural resistance to infection, or a reduced exposure to Infection. If there Is more 
resistance to Infection In these older AIDS patients, it is possible this Is due to past infection, and this 
would suggest that Immunisation might confer some resistance to Infection. 
If Immunisation is likely to be useful, then the choice of vaccine becomes important. Both whole cell, 
and sub-unit vaccines are possible, but subcutaneous, or Intramuscular vaccination, will produce good 
antibody titres, but may not provide mucosal protection. The two types of vaccine which could possibly 
be effective are both live vaccines. With chicken coccidia, controlled, low level Infections can be 
produced by'trickle feeding' with attenuated Isolates (Parry et al, 1989). With C. rvum this would not 
work because the parasite has an autoinfective stage in the life cycle, which causes a normal Infection 
In animals, and probably in people, when a small Infective dose Is administered. It is possible that an 
attenuated Isolate could be used to cause a low level Infection in man, or other animals. The organism 
infecting Guinea pigs, C. wrairl, causes a less severe Infection than C. pgrvurn in mice, lambs and calves, 
and this may have value as a live vaccine. The other alternative is development of bacterial or viral live 
vaccines bearing Cryptosporldium genes which are expressed in the gut of vaccinated animals. 
7.21 Vaccination against other pathogens using CrY2tosporidium. The Introduction of foreign 
genes Into an attenuated C. parvum or wr i may be possible in the future, and would have some 
advantages as a vector for vaccine antigens for veterinary use. C. pgrvum Infection is usually self limiting, 
and only affects young animals. There is a good Immune response, with the production of both local 
and systemic antibodies, and a good cell mediated response. Infection does not normally proceed past 
the epithelial barrier. Oocysts would survive storage In a carrier medium, and could be administered In 
water. The problem with such vaccination Is the absence of an effective chemotherapeutic agent to treat 
Infection In immune deficient animals, the development of attenuated Isolates, and the release of such 
genetically modified organisms Into the environment, particularly If they can cause human disease. An 
attenuated, genetically modified strain, which did not cause chronic Infection In Immune deficient people, 
could be a cheap vector for the administration of peptides for producing Immunity to malaria or HIV. 
Cryptosporidium Is a vector which could be administered to a population through the water supply, but 
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the ethics of such a policy are difficult to justify. 
7.22 Personal protection measures could be used to reduce the risk of infection in Immunodeficlent 
patients. My recommendation would be: 'Don't drink unpasteurised milk, or work on, or visit a farm. 
Avoid hospitalisation, contact with pets, children, and anyone who has diarrhoea. Don't travel, 
particularly to developing countries. Don't swim in swimming pools, rivers or lakes, and drink only 
bottled water. ' With people who are on short term immunosuppression these measures could possibly 
be adopted without too much trauma, but for HIV + people who are well it Is unlikely that they will be 
able to follow all these recommendations for the rest of their lives. In developing countries it Is unlikely 
that most HIV + people could adopt any of these measures. 
7.23 Physical prevention Involves reducing the exposure of the population to infective oocysts. 
Evidence from large community wide outbreaks Indicates that water supplies can be a significant source 
of infection, and preventing the contamination of source water with large numbers of oocysts, is 
desirable. A government report on cryptosporidiosis reported that a number of steps could be taken to 
reduce the risk of waterborne infection (Badenoch, 1990). There should be careful control of the 
catchment areas to reduce the risk of contaminating the water before treatment, and current treatment 
processes should be operated as efficiently as possible. There should be efforts to develop a safe and 
effective means of killing Cryptosporidlum oocysts, when there is exceptional contamination of the water 
source, if there has been an alteration in the normal running of the treatment works, or If an outbreak 
of cryptosporidiosis In the community is suspected. I believe that in addition to these recommendations 
the population 'of Great Britain should expect all potable water supplies to have been filtered. 
There Is a demonstrable risk to immunosuppressed and Immunodeficlent patients from cross Infection 
on hospital wards, and patients with cryptosporidiosis should be barrier nursed, If they are on the same 
ward as immunodeficient patients. 
Cryptosporidium oocysts are difficult to demonstrate In milk, and because of this definitive evidence of 
milkborne cryptosporidiosis has not been demonstrated. Despite this, there is some circumstantial 
evidence for untreated milk being associated with Infection, and strong evidence of bacterial Infection 
from milk, and the sale of unpasteurised cows milk should be prevented. Although such decisions 
depend on public opinion and political will, the public are largely unaware of the Infection risk associated 
with this product, and it Is the responsibility of people who do know to Inform, and press for change. 
7.24 Future work. The success of the typing method at distinguishing between oocysts from different 
species means it could be useful for characterising new species. In addition to testing a larger number 
of samples from humans, and farm animals, it would be worthwhile examining Isolates from a wide 
variety of animal species. I believe the future of Cryptosporldium typing and speciation Iles In the 
development of genetic techniques, and In particular rRNA sequencing for characterising species, and 
the techniques developed should be applicable to other enteric protozoa. 
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Appendix 1 
Table 6.6.3 Crvptosporidium reports in animals in England and Wales 
1984-1990 - Data from Veterinary Investigation Diagnosis Analysis (VIDA II) 
Cattle 
1984 1985 1986 1987 1988 1989 1990 * Total 
January 14 41 52 71 87 87 85 437 
February 36 48 44 77 83 72 71 431 
March 44 94 40 94 102 142 112 628 
April 45 67 54 119 132 165 123 705 
May 16 49 32 53 80 103 94 427 
June 8 17 13 49 44 27 37 195 
July 10 10 22 22 21 29 25 139 
August 12 12 20 15 24 25 31 139 
September 9 14 26 57 30 54 33 223 
October 21 21 25 56 61 54 73 311 
November 22 34 40 80 95 70 83 424 
December 24 37 50 102 95 88 85 481 
Total 261 444 418 795 854 916 852 4540 
Sheep 
1984 1985 1986 1987 1988 1989 1990 Total 
January 0 1 3 4 6 6 4 24 
February 1 3 3 5 10 10 7 39 
March 5 4 1 18 28 29 18 103 
April 16 29 34 37 70 69 28 283 
May 3 9 14 22 44 39 40 171 
June 0 3 1 1 4 0 1 10 
July 0 0 0 1 0 0 2 3 
August 0 0 0 0 0 0 1 1 
September 0 0 1 0 0 0 0 1 
October 0 1 0 0 0 0 0 1 
November 0 0 0 0 0 2 0 2 
December 1 1 0 0 0 1 1 4 
Total 26 51 57 88 162 156 102 642 
* 1990 data provisional 
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Table 6.6.4 Infectious Intestinal Disease - GP consultations In Britain 
Data from RCGP Research Unit, Birmingham. Published in OPCS Weekly Report 
Numbers per 100000 per week 
Week 1984 1985 1986 1987 1988 1989 1990 Mean Maximum Minimum Std Dev 
1 54.3 50.2 50.1 37.5 56.4 65 629 53.8 65 37.5 8.52 
2 42.2 35.1 53 33.1 61.1 68 65.8 51.2 68 33.1 13.4 
3 39.4 41.3 50.8 23.1 58.4 56.6 67.5 48.2 67.5 23.1 13.7 
4 54.4 62.3 43.3 44.8 61.8 64.1 63.4 56.3 64.1 43.3 8.3 
5 41.7 54 39 53.3 53.9 68.2 62.2 53.2 68.2 39 9.57 
6 46.3 47.7 46.5 51.9 65.9 80.1 65 57.6 80.1 46.3 12 
7 42.3 41 51.9 42.4 59.7 74.1 62.7 53.4 74.1 41 11.7 
8 45.2 49.7 47.9 45 56.4 68.4 67.4 54.3 68.4 45 9.31 
9 53.7 59.2 57 59.5 58 69.7 49.7 58.1 69.7 49.7 5.72 
10 53.9 48.4 63.9 46.3 60.5 73.6 67.4 59.1 73.6 46.3 9.33 
11 51.3 58.5 53.9 54.2 65.7 82.7 66.3 61.8 82.7 51.3 10.1 
12 43.6 44.9 57.1 48.7 67.2 78.8 59.8 57.2 78.8 43.6 11.8 
13 49.9 51.9 24.5 39.2 52.1 47.3 59.8 46.4 59.8 24.5 10.6 
14 46.4 32.2 40.7 51.1 38 62 63.1 47.6 63.1 32.2 10.9 
15 39.2 32.9 40.2 39.1 48.8 61.6 41 43.3 61.6 32.9 8.64 
16 22.7 39.9 39.8 32.1 54.9 63.1 58.8 44.5 63.1 22.7 13.8 
17 38.5 36.9 42.9 50.2 44.5 56.1 59.3 46.9 59.3 36.9 7.94 
18 34.5 33.9 32.1 35.2 48.7 49.3 50.3 40.6 50.3 32.1 7.74 
19 38.5 49.5 38.1 39.5 49.5 62.7 77.5 50.8 77.5 38.1 13.6 
20 49.4 33.2 37.7 46.3 56.7 75.6 74.8 53.4 75.6 33.2 15.5 
21 46.6 43.3 29.4 35.4 53.4 82.4 63.2 50.5 82.4 29.4 16.6 
22 42.4 38.9 34.2 44.3 54.1 56.5 74.1 49.2 74.1 34.2 12.5 
23 40.2 48.8 36.2 51.6 56.4 84 67.1 54.9 84 36.2 15.2 
24 53.3 57 40.5 59 55 76.6 64.3 58 76.6 40.5 10.2 
25 47.6 48.2 46.6 63.8 64.7 71.2 67.2 58.5 71.2 46.6 9.78 
26 39.5 50.4 51.4 56.4 68.4 77.4 62.7 58 77.4 39.5 11.7 
27 42.3 40.2 52.2 37.6 71.4 83.5 65.3 56.1 83.5 37.6 16.3 
28 46.1 52.8 44.8 48.9 65.5 77.6 62.6 56.9 77.6 44.8 11.2 
29 41.8 44.3 37.8 49.5 70.5 77.4 73.3 56.4 77.4 37.8 15.5 
30 37.1 43.7 43.1 53.7 53 75.7 64.8 53 75.7 37.1 125 
31 39.4 36.4 36.2 52 51 80.5 73.2 52.7 80.5 36.2 16.5 
32 44.9 45.4 36 51.3 57.8 71.7 72 54.2 72 36 12.8 
33 56.5 37.5 28.3 46.4 62.2 71.4 70.3 53.2 71.4 28.3 15.3 
34 44.9 37.1 33.8 46.3 64.6 53.1 51.7 47.4 64.8 33.8 9.6 
35 51.4 40.7 44.6 40.4 51.6 63.7 72.8 52.2 72.8 40.4 11.3 
36 54.9 31.1 45.3 60.3 68.3 70.6 67 56.8 70.6 31.1 13.3 
37 50.2 42.9 38.9 47.5 60.9 69.8 58.9 52.7 69.8 38.9 10.1 
38 56.5 44.1 52.4 54.6 71.5 60.8 64.7 57.8 71.5 44.1 8.22 
39 53.5 42.9 54.5 68.3 81.4 65.5 67 61.9 81.4 42.9 11.6 
40 52.9 44.6 63.7 69.9 78.3 76 69.9 65 78.3 44.6 11.4 
41 60.5 44.6 56.1 64.6 74.2 64.8 75.3 62.9 75.3 44.6 9.82 
42 56.2 42.4 56.7 68 89.7 60 70 63.3 89.7 42.4 13.7 
43 50.2 40.5 44.4 60.5 66 73.5 63.5 56.9 73.5 40.5 11.2 
44 40.7 53.3 55.5 62.4 66.7 72.7 63 59.2 72.7 40.7 9.67 
45 53.3 56.9 49.8 59.5 78.4 66.6 67.8 61.8 78.4 49.8 9.1 
46 50.2 45.6 44.8 61.2 71.4 69.5 84.3 61 84.3 44.8 13.8 
47 55.7 48.3 57.2 65.8 70.3 65.4 71.8 62.1 71.8 48.3 7.94 
48 54.6 52.2 34.3 64.1 73.6 72.4 79.5 61.5 79.5 34.3 14.5 
49 52.2 49.5 50.8 63.6 84.3 67.8 71.1 62.8 84.3 49.5 11.9 
50 45.4 54.7 42.3 63.8 92.3 58.9 76.2 61.9 92.3 42.3 16.3 
51 38 32.9 45 65.3 74.9 36.9 65.8 51.3 74.9 32.9 15.7 
52 36.2 38.6 40.3 38.6 55.4 55.7 72.8 48.2 72.8 36.2 12.6 
Sum 2422.6 2332.5 2337.5 2647.1 3275.4 3536.6 3437.9 2856 3536.6 2332.5 
Mean 46.5 44.8 44.9 50.9 62.9 68.0 66.1 54.9 92.3 22.7 
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Table 6.13.1 Age of patients with enteric pathogens detected In faecal samples in 
Briahton PHL 1984-1990 
Age Giardia Salmonella Campylobacter C. difticlle Shlgella Cryptoaporidlum Total 
0 13 51 48 3 19 140 
1 35 55 69 2 11 72 244 
2 34 53 73 1 11 44 218 
3 20 24 39 0 12 17 112 
4 13 18 26 1 14 18 88 
5 15 19 31 0 23 16 104 
6 7 12 13 0 28 8 88 
7 12 23 14 0 15 12 78 
8 4 7 10 0 18 4 43 
9 8 18 11 0 8 8 51 
10 2 11 8 0 18 5 42 
11 1 15 13 0 1 7 37 
12 1 5 7 0 3 4 20 
13 1 10 10 0 4 3 28 
14 2 10 8 0 2 1 23 
15 3 15 13 1 4 2 38 
18 4 9 10 0 1 2 28 
17 7 19 9 0 4 4 43 
18 1 11 32 0 2 8 52 
19 8 21 35 0 1 8 71 
20 15 24 51 1 4 10 105 
21 7 21 55 0 2 10 95 
22 4 38 37 3 4 14 98 
23 15 23 55 1 8 7 107 
24 18 23 50 1 8 7 107 
25 11 32 36 0 7 10 98 
28 8 14 40 0 12 9 83 
27 10 19 51 0 7 11 98 
28 12 19 35 0 10 11 87 
29 7 28 22 0 5 11 71 
30 15 26 34, 1 5 10 91 
31 11 28 32 1 5 8 83 
32 9 19 32 1 3 3 67 
33 13 20 30 1 7 11 82 
34 6 19 28 0 5 5 63 
35 12 10 21 0 4 12 59 
38 13 22 27 1 8 7 78 
37 5 20 27 0 3 5 60 
38 5 10 21 0 3 8 45 
39 7 12 23 3 1 4 50 
40 13 18 28 0 3 4 84 
41 9 11 17 1 0 3 41 
42 3 11 14 1 2 2 33 
43 9 10 29 2 2 2 54 
44 5 13 18 0 2 1 37 
45 7 17 18 2 3 0 45 
48 1 11 13 1 0 3 29 
47 4 7 11 1 1 2 28 
48 1 9 12 2 2 2 28 
49 3 8 10 1 0 0 22 
50 2 12 13 1 2 4 34 
51 5 10 5 1 1 2 24 
52 3 7 12 0 2 0 24 
53 3 8 12 0 0 0 21 
54 4 8 17 2 2 0 33 
55 3 7 7 2 1 0 20 
56 3 7 15 2 0 0 27 
57 2 4 18 1 2 2 29 
58 0 7 13 1 1 0 22 
59 2 8 10 2 1 1 22 
60 3 5 13 3 1 1 26 
81 0 3 9 3 1 1 17 
62 1 5 12 2 1 3 24 
63 1 5 13 3 2 0 24 
64 1 11 14 4 1 0 31 
85 1 8 12 5 0 0 24 
88 2 3 12 2 0 0 19 
87 0 9 9 3 1 0 22 
68 0 5 10 5 0 2 22 
89 3 5 0 2 2 1 19 
70 2 7 10 3 1 0 23 
71 1 5 7 2 0 1 18 
72 1 5 9 4 1 0 20 
73 0 2 5 5 0 1 13 
74 0 3 9 7 0 1 20 
75 0 2 5 6 0 0 13 
78 3 2 8 2 0 0 15 
77 1 5 4 7 0 1 18 
78 0 2 4 3 0 0 9 
79 0 3 2 8 0 0 11 
80 0 3 4 13 1 0 21 
81 1. 2 4 7 0 1 15 
82 0 0 2 4 0 0 0 
83 2 4 3 8 0 0 15 
84 1 2 1 7 0 0 11 
85 1 1 2 5 0 0 9 
88 0 2 0 5 0 0 7 
87 0 0 1 3 0 0 4 
88 0 3 1 7 0 0 11 
89 0 1 0 1 0 0 2 
90 0 2 0 1 0 0 3 
91 0 2 1 1 0 0 4 
92 0 0 1 0 0 0 1 
93 0 0 0 4 0 0 4 
94 0 0 0 0 0 0 0 
95 0 1 0 0 0 0 1 
96 0 0 1 0 0 0 1 
97 0 0 0 0 0 0 0 
98 0 0 0 0 0 0 0 
99 0 0 0 0 0 0 0 
100 0 0 0 0 0 0 0 
499 1132 1668 188 330 468 4281 
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Table .1 .2 Path en percentage of a ll ROSItIve Isolates In Brighton HL 1 4-1 0 
Age Glardia Salmonella Campylobactsr C. difcils Shigella Cryptooporldium Total 
0 9.3 36.4 34.3 2.1 4.3 13.6 140 
1 14.3 22.5 28.3 0.8 4.5 29.5 244 
2 15.7 24.5 33.8 0.5 5.1 20.4 218 
3 17.9 21.4 34.8 0 10.7 15.2 112 
4 14.8 20.5 29.5 1.1 15.9 18.2 88 
5 14.4 18.3 29.8 0 22.1 15.4 104 
6 10.8 18.2 19.7 0 39.4 12.1 68 
7 15.8 30.3 18.4 0 19.7 15.8 78 
8 9.3 16.3 23.3 0 41.9 9.3 43 
9 11.8 35.3 21.6 0 15.7 15.7 51 
10 4.8 26.2 19 0 38.1 11.9 42 
11 2.7 40.5 35.1 0 2.7 18.9 37 
12 5 25 35 0 15 20 20 
13 3.6 35.7 35.7 0 14.3 10.7 28 
14 8.7 43.5 34.8 0 8.7 4.3 23 
15 7.9 39.5 34.2 2.6 10.5 5.3 38 
16 15.4 34.6 38.5 0 3.8 7.7 28 
17 16.3 44.2 20.9 0 9.3 9.3 43 
18 1.9 21.2 61.5 0 3.8 11.5 52 
19 11.3 29.8 49.3 0 1.4 8.5 71 
20 14.3 22.9 48.6 1 3.8 9.5 105 
21 7.4 22.1 57.9 0 2.1 10.5 95 
22 4.1 36.7 37.8 3.1 4.1 14.3 98 
23 14 21.5 51.4 0.0 5.8 6.5 107 
24 16.8 21.5 48.7 0.9 7.5 8.5 107 
25 11.5 33.3 37.5 0 7.3 10.4 96 
26 9.8 18.9 48.2 0 14.5 10.8 83 
27 10.2 19.4 52 0 7.1 11.2 98 
28 13.8 21.8 40.2 0 11.5 12.6 87 
29 9.9 36.6 31 0 7 15.5 71 
30 16.5 28.8 37.4 1.1 5.5 11 91 
31 13.3 33.7 38.6 1.2 6 7.2 83 
32 13.4 28.4 47.8 1.5 4.5 4.5 67 
33 15.9 24.4 36.8 1.2 8.5 13.4 82 
34 0.5 30.2 44.4 0 7.9 7.9 63 
35 20.3 18.9 35.8 0 6.8 20.3 59 
38 18.7 28.2 34.8 1.3 10.3 9 78 
37 8.3 33.3 45 0 5 8.3 60 
38 11.1 22.2 48.7 0 6.7 13.3 45 
39 14 24 48 6 2 8 50 
40 20.3 25 43.8 0 4.7 6.3 64 
41 22 28.8 41.5 2.4 0 7.3 41 
42 9.1 33.3 42.4 3 8.1 8.1 33 
43 18.7 18.5 53.7 3.7 3.7 3.7 54 
44 13.5 35.1 43.2 0 5.4 2.7 37 
45 15.8 37.8 35.8 4.4 6.7 0 45 
48 3.4 37.9 44.8 3.4 0 10.3 29 
47 15.4 28.9 42.3 3.8 3.8 7.7 28 
48 3.6 32.1 42.9 7.1 7.1 7.1 28 
49 13.6 36.4 45.5 4.5 0 0 22 
50 5.9 35.3 38.2 2.9 5.9 11.8 34 
51 20.8 41.7 20.8 4.2 4.2 8.3 24 
52 12.5 29.2 50 0 8.3 0 24 
53 14.3 28.8 57.1 0 0 0 21 
54 12.1 24.2 51.5 6.1 6.1 0 33 
55 15 35 35 10 5 0 20 
56 11.1 25.9 55.6 7.4 0 0 27 
57 8.9 13.8 62.1 3.4 6.9 6.9 29 
58 0 31.8 59.1 4.5 4.5 0 22 
59 9.1 27.3 45.5 9.1 4.5 4.5 22 
so 11.5 19.2 50 11.5 3.8 3.8 26 
91 0 17.6 52.9 17.8 5.9 5.9 17 
52 4.2 20.8 50 8.3 4.2 12.5 24 
33 4.2 20.8 54.2 12.5 8.3 0 24 
34 3.2 35.5 45.2 12.9 3.2 0 31 
65 4.2 25 50 20.8 0 0 24 
Be 10.5 15.8 63.2 10.5 0 0 19 
57 0 40.9 40.9 13.6 4.5 0 22 
58 0 22.7 45.5 22.7 0 9.1 22 
39 15.8 28.3 31.8 10.5 10.5 5.3 19 
70 8.7 30.4 43.5 13 4.3 0 23 
71 6.3 31.3 43.8 12.5 0 6.3 16 
72 5 25 45 20 5 0 20 
73 0 15.4 38.5 38.5 0 7.7 13 
74 0 15 45 35 0. 5 20 
º5 0 15.4 38.5 48.2 0 0 13 
º6 20 13.3 53.3 13.3 0 0 15 
º7 5.8 27.8 22.2 38.9 0 5.8 18 
78 0 22.2 44.4 33.3 0 0 9 
r9 0 27.3 18.2 54.5 0 0 11 
30 0 14.3 19 61.9 4.8 0 21 
31 6.7 13.3 28.7 48.7 0 8.7 15 
32 0 0 33.3 88.7 0 0 6 
33 13.3 28.7 20 40 0 0 15 
34 9.1 18.2 9.1 83.8 0 0 11 
15 11.1 11.1 22.2 55.8 0 0 9 
i6 0 28.6 0 71.4 0 0 7 
17 0 0 25 75 0 0 4 
!8 0 27.3 9.1 63.6 0 0 11 
91 0 50 0 50 0 0 2 
10 0 66.7 0 33.3 0 0 3 
i1 0 50 25 25 0 0 4 
i2 0 0 100 0 0 0 1 
i3 0 0 0 100 0 0 4 
14 0 0 0 0 0 0 0 
i5 0 100 0 0 0 0 1 
86 0 0 100 0 0 0 1 
17 0 0 0 0 0 0 0 
i8 0 0 0 0 0 0 0 
i9 0 0 0 0 0 0 0 
100 0 0 0 0 0 0 0 
11.7 26.4 39 4.3 7.7 10.9 4281 
366 
Appendix 5 
Table 6.16 .1 Incidence of enteropathogens by age In Brighton PHL 1984-1990 
Age Giardla Salmonella 
1.6 3.7 
Campylobacter 
1.5 
3.4 
8.4 
6.1 
5.4 
6.2 
5.1 
5.5 
3.9 
4.3 
3.1 
8 
4.3 
6.2 
4.9 
8 
3 
2.7 
9.8 
10.5 
15.3 
11.1 
7.5 
11.1 
10.1 
7.3 
8.5 
10.8 
7.4 
4.7 
72 
8.8 
8.8 
8.1 
7.6 
5.7 
8 
8 
8.3 
8.8 
8.3 
7.3 
8 
12.4 
8.8 
8.8 
7 
5.9 
8.5 
5.4 
7 
2.8 
8.1 
8.1 
8.7 
37.8 
8.5 
8.1 
4.7 
8.1 
4.4 
5.9 
6.3 
6.8 
5.9 
5.9 
4.4 
4.9 
2.9 
4.9 
2.8 
3.7 
2 
3.7 
2 
3.3 
1.8 
1.8 
0.8 
1.8 
1.9 
1 
1.4 
0.5 
1 
0 
0.8 
0.8 
0 
0 
2.1 
2.1 
0 
0 
0 
8.3 
0 
0 
0 
0 
5.4 
C. ditticlle Shigella Cryptosporldlum 
0.6 1.1 1.5 
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Total 
4.5 
11.9 
18.9 
17.5 
18.2 
20.8 
25.8 
29.7 
16.8 
19.9 
16.4 
22.8 
12.3 
17.3 
14.2 
23.5 
7.8 
12.9 
15.8 
21.3 
31.4 
19.2 
19.8 
21.8 
21.6 
19.4 
17.8 
20.8 
18.4 
15 
19.3 
22.4 
18.1 
22.2 
17 
15.9 
23.2 
17.9 
13.4 
14.9 
19 
17.5 
14.1 
23.1 
15.8 
19.2 
15.8 
14 
15.1 
11.8 
18.3 
12.2 
12.2 
10.7 
18.8 
10.2 
12.7 
13.8 
10.3 
10.3 
12.2 
8.3 
11.7 
11.7 
15.1 
11.7 
9.3 
10.7 
10.7 
9.3 
11.2 
0.5 
8.1 
5.3 
8.1 
5.3 
Q1 
7.4 
3.7 
4.5 
6.6 7.1 
2.9 
7.1 
5.2 
4.3 
5.4 
3.1 
8.5 
1.5 
2.3 
8.3 
2.1 
8.3 
0 
2.1 
8.3 
0 
0 
0 
0 
13.9 
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Table 6.19.2 Estimates of the Prevalence of Cryptosporidiosis within the Population of 
Briahton Health District 19841990 
Age Population mean Patients with Prevalence per Point prevalence Attack Rate %of 
1984 to 1990 Cryptosporldiosis 1984-1990 100000 per year per 100000 (1: x/year) Population 
Numbers Mean Infected 
0 3703 17 2.4 65.6 5.2 1525.1 0.07 
1 3423 70 10.0 292 23.1 342.37 0.38 
2 3423 41 5.8 171 13.5 584.54 0.53 
3 3423 le 2.2 66.8 5.2 1497.9 0.6 
4 3423 14 2.0 58.4 4.6 1711.9 0.65 
5 3095 15 2.1 69.2 5.4 1444.3 0.72 
8 3095 8 0.8 27.7 2.1 3810.8 0.75 
7 3095 9 1.2 41.5 3.2 2407.2 0.79 
8 3095 4 0.5 18.5 1.4 5416.3 0.81 
9 3095 7 1.0 32.3 2.5 3095 0.84 
10 2762 5 0.7 25.9 2.0 3868 0.87 
11 2762 6 0.8 31 2.4 3223.3 0.9 
12 2762 3 0.4 15.5 1.2 6448.7 0.92 
13 2782 3 0.4 15.5 12 8448.7 0.93 
14 2762 1 0.1 5.1 0.4 19340 0.94 
15 4232 2 0.2 6.7 0.5 14813 0.94 
16 4232 2 0.2 8.7 0.5 14813 0.95 
17 4232 4 0.5 13.5 1.0 7406.5 0.98 
18 4232 6 0.8 20.3 1.6 4937.7 0.98 
19 4232 8 0.8 20.3 1.6 4937.7 1 
20 4931 10 1.4 29 2.3 3451.9 1.03 
21 4931 9 1.2 26.1 2.0 3835.4 1.06 
22 4931 13 1.8 37.7 2.9 2855.3 1.1 
23 4931 7 1.0 20.3 1.8 4931.3 1.12 
24 4931 a 0.8 17.4 1.3 5753.2 1.13 
25 4829 10 1.4 30.9 2.4 3240.4 1.16 
28 4629 7 1.0 21.6 1.7 4829.1 1.19 
27 4629 11 1.5 33.9 2.8 2945.8 1.22 
28 4629 9 1.2 27.8 2.2 3600.4 125 
29 4829 11 1.5 33.9 2.8 2945.8 128 
30 3928 10 1.4 36.4 2.8 2748.2 1.32 
31 3928 6 0.8 21.8 1.7 4580.3 1.34 
32 3926 3 0.4 10.9 0.8 9160.7 1.35 
33 3926 11 1.5 40 3.1 2498.4 1.39 
34 3928 4 0.5 14.8 1.1 6870.5 1.41 
35 3733 12 1.7 45.9 3.8 2177.8 1.45 
38 3733 5 0.7 19.1 1.5 5228.6 1.47 
37 3733 5 0.7 19.1 1.5 5228.6 1.49 
38 3733 6 0.8 23 1.8 4355,5 1.51 
39 3733 4 0.5 15.3 1.2 6533.3 1.53 
40 4030 4 0.5 14.2 1.1 7052.5 1.54 
41 4030 3 0.4 10.8 0.8 9403.3 1.55 
42 4030 2 0.2 7.0 0.5 14105 1.5e 
43 4030 2 0.2 7.0 0.5 14105 1.57 
44 4030 1 0.1 3.5 0.2 28210 1.57 
45 3198 0 0 0 0 Not known 1.57 
46 3198 3 0.4 13.4 1.0 7454 1.58 
47 3198 2 0.2 8.9 0.7 11198 1.59 
48 3198 2 0.2 8.9 0.7 11196 1.8 
49 3198 0 0 0 0 Not known 1,8 
50 3044 3 0.4 14.1 1.1 7102.7 1.82 
51 3044 2 0.2 9.3 .7 10654 1.63 
52 3044 0 0 0 0 Not known 1.63 
53 3044 0 0 0 0 Not known 1.63 
54 3044 0 0 0 0 Not known 1.83 
55 3114 0 0 0 0 Not known 1.83 
56 3114 0 0 0 0 Not known 1.83 
57 3114 2 0.2 9.1 0.7 10900 1.63 
58 3114 0 0 0 0 Not known 1.83 
59 3114 1 0.1 4.5 0.3 21800 1.84 
60 3251 1 0.1 4.3 0.3 22759 1.64 
61 3251 1 0.1 4.3 0.3 22750 1,85 
82 3251 3 0.4 13.2 1.0 7588.3 1.66 
63 3251 0 0 0 0 Not known 1.66 
64 3251 0 0 0 0 Not known 1.80 
65 3570 0 0 0 0 Not known 1,88 
68 3570 0 0 0 0 Notknown 1.88 
67 3570 0 0 0 0 Not known 1.88 
68 3570 2 0.2 8 0.6 12498 1.87 
69 3570 1 0.1 4 0.3 24995 1.67 
70 2873 0 0 0 0 Not known 1.67 
71 2873 1 0.1 5.3 0.4 18711 1.88 
72 2873 0 0 0 0 Not known 1.88 
73 2873 1 0.1 5.3 0.4 18711 1.58 
74 2673 1 0.1 5.3 0.4 18711 1.69 
75 2843 0 0 0 0 Not known 1.89 
76 2843 0 0 0 0 Not known 1.89 
77 2643 1 0.1 5.4 0.4 18507 1.09 78 2643 0 0 0 0 Not known 1, e9 
79 2643 0 0 0 0 Not known 1,89 
80 1917 0 0 0 0 Not known 1.89 
81 1917 1 0.1 7.4 0.5 13425 1.7 
82 1917 0 0 0 0 Not known 1.7 
83 1917 0 0 0 0 Not known 1.7 
84 1917 0 0 0 0 Not known 1.7 
85 694 0 0 0 0 Not known 1.7 
Be 894 0 0 0 0 Not known 1.7 87 694 0 0 0 0 Not known 1.7 
88 694 0 0 0 0 Not known 1.7 
89 694 0 0 0 0 Not known 1.7 
90 894 0 0 0 0 Not known 1.7 
91 694 0 0 0 0 Not known 1.7 
92 694 0 0 0 0 Not known 1.7 
93 894 0 0 0 0 Not known 1.7 
94 894 0 0 0 0 Not known 1.7 
95 694 0 0 0 0 Not known 1.7 
98 0 0 0 0 0 Not known 1.7 
97 0 0 0 0 0 Not known 1.7 
98 0 0 0 0 0 Not known 1.7 
99 0 0 0 0 0 Not known 1.7 
100 0 0 0 0 0 Not known 1.7 
Total 298338 436 01.0 20.7 1,0 483e. 3 
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Fiaure 6.22.3, Travellers with diarrhoea by age in Brighton PHL 1984199 
Age 1984 1985 1988 1987 1988 1989 1990 Tc 
0 
1 
2 
3 
4 
5 
6 
7 
8 
g 
11 
12 
13 
15 
t8 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
38 
37 
38 
39 
40 
41 
42 
43 
44 
45 
48 
47 
48 
49 
50 
51 
52 
53 
54 
55 
58 
57 
58 
59 
80 
61 
62 
53 
64 
65 
as 
87 
68 
89 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
7 
14 
9 
8 
1 
1 
1 
2 
2 
2 
1 
2 
3 
3 
3 
4 
7 
13 
13 
3 
11 
13 
13 
15 
13 
9 
10 
5 
8 
8 
9 
4 
9 
8 
5 
3 
3 
9 
4 
2 
4 
2 
5 
4 
5 
5 
4 
4 
2 
5 
8 
5 
3 
e 
2 
5 
2 
2 
4 
2 
4 
1 
1 
2 
4 
3 
4 
4 
1 
2 
1 
1 
1 
4 
8 
8 
9 
2 
2 
2 
2 
2 
2 
1 
0 
4 
4 
4 
9 
3 
20 
8 
15 
14 
7 
10 
12 
9 
10 
11 
12 
9 
7 
11 
11 
15 
8 
8 
8 
3 
4 
4 
3 
7 
8 
8 
4 
7 
3 
4 
1 
8 
5 
3 
4 
5 
8 
5 
1 
4 
8 
8 
3 
2 
5 
1 
2 
1 
1 
2 
1 
1 
2 
1 
12 
12 
8 
4 
4 
2 
2 
3 
2 
2 
1 
5 
5 
3 
12 
14 
10 
7 
3 
12 
9 
9 
8 
8 
10 
11 
7 
7 
7 
4 
1 
7 
8 
8 
8 
7 
3 
5 
8 
5 
2 
2 
4 
1 
3 
0 
4 
3 
4 
2 
3 
8 
3 
4 
3 
2 
7 
4 
1 
1 
1 
1 
1 
2 
1 
1 
1 
11 
2 
2 
9 
13 
9 
3 
2 
1 
5 
5 
4 
4 
4 
2 
5 
0 
3 
2 
4 
11 
14 
9 
13 
18 
15 
14 
15 
15 
13 
11 
18 
7 
15 
10 
14 
3 
8 
4 
10 
11 
13 
4 
9 
3 
9 
3 
e 
3 
5 
8 
8 
14 
8 
3 
4 
5 
4 
1 
1 
5 
8 
4 
3 
2 
3 
2 
3 
4 
1 
2 
3 
5 
2 
1 
1 
1 
2 
8 
5 
3 
3 
2 
2 
4 
3 
3 
2 
2 
2 
2 
4 
5 
4 
3 
12 
19 
12 
10 
12 
30 
23 
17 
14 
18 
18 
14 
14 
9 
9 
15 
10 
12 
4 
8 
8 
14 
11 
12 
10 
10 
8 
a 
4 
e 
2 
7 
4 
8 
12 
2 
5 
8 
3 
1 
8 
1 
3 
1 
7 
4 
2 
2 
2 
4 
2 
2 
2 
2 
1 
2 
1 
1 
7 
18 
7 
8 
1 
4 
8 
1 
3 
2 
3 
3 
2 
3 
8 
2 
8 
8 
14 
18 
17 
21 
28 
18 
23 
19 
20 
13 
7 
27 
15 
20 
8 
8 
11 
17 
47 
11 
13 
17 
8 
8 
11 
7 
e 
8 
8 
1 
8 
5 
1 
1 
1 
2 
3 
5 
10 
3 
3 
1 
3 
3 
3 
4 
a 
2 
1 
1 
1 
1 
2 
2 
2 
3 
7 
5 
9 
4 
3 
7 
1 
1 
2 
1 
5 
1 
1 
3 
3 
1 
8 
2 
5 
18 
14 
13 
12 
18 
17 
15 
19 
17 
8 
14 
15 
15 
15 
8 
4 
11 
13 
3 
10 
9 
5 
2 
8 
7 
5 
5 
2 
1 
1 
4 
7 
5 
4 
3 
2 
EI 
3 
4 
3 
2 
1 
5 
3 
1 
2 
2 
1 
2 
2 
2 
2 
1 
1 
2 
1 
' 
1 
1 
1 
1 
1 
1 
1 
1 
1i 
E 
E 
1( 
11 
1c 
1( 
E 
is 
7 
E 
4 
E 
4 
4 
4 
1 
1 
1 
1 
1 
80 
81 
1 
1 
R2 1 
I 
z 
I> 
td 
7 
4 
8 
S 
8 
8 
2 
7 
8 
0 
B 
8 
8 
4 
7 
0 
0 
0 
0 
7 
8 
8 
s 
a 
0 
3 
0 
8 
0 
9 
8 
7 
7 
4 
0 
8 
7 
8 
4 
'3 
a 
8 
25 
5 
36 
'e 
7 
7 
8 
9 
7 
4 
4 
3 
2 
5 
3 
7 
b 
e 
8 
8 
e 4 
e O 
4 
e 
I 
Not Known 23 24 71 19 41 27 21 226 
Total 388 424 401 497 658 622 473 3381 
389 
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Table 6.23.1 HIV antibody positive patients diagnosed In Brighton Health District 
Age. 1984 c'' 1985 1986 1987 1988 1989 1990 Total HIV + Population 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
>73 
NK 
Total 23 81 106 108 60 111 165 654 601 
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Table 6.28.1 CDSC Annual Regional Rehort for Cry tosaoridium 1984 
NOR YOR THE EA NWT NET SET SWT WES OXF SW WM MER NW WAL IRE Total 
8401 0 0 0 0 0 0 0 0 0 0 3 0 0 0 2 0 5 
8402 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 6 
8404 0 0 0 0 1 0 0 0 0 0 6 0 2 0 0 0 9 
8405 0 0 0 0 0 0 0 3 0 0 4 0 0 0 0 0 7 
8407 0 0 0 0 0 4 0 5 0 0 0 2 1 0 0 0 12 
8408 0 0 0 0 0 0 0 3 .0 0 0 0 0 0 2 0 5 8409 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
8410 0 0 2 2 0 0 0 0 0 0 1 0 2 0 1 0 8 
8411 0 0 0 0 0 0 0 2 0 0 1 0 2 2 2 0 9 
8412 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 3 
8413 0 0 0 1 0 0 0 0 0 0 0 4 5 0 2 0 12 
8414 0 0 0 0 0 0 0 2 1 0 1 0 0 0 1 0 5 
8415 0 0 1 1 0 0 9 1 0 0 0 2 4 0 2 0 20 
8416 0 0 0 0 0 0 1 0 0 0 2 0 2 1 6 0 12 
8417 0 0 1 0 0 0 0 0 0 0 0 3 0 0 0 0 4 
8418 0 1 0 0 0 0 0 0 1 0 4 0 3 0 2 0 11 
8419 0 0 0 0 0 1 1 0 0 0 3 2 0 0 2 0 9 
8420 0 0 0 1 0 0 2 1 0 0 1 5 2 1 0 0 13 
8421 0 3 5 0 0 0 0 1 0 0 3 2 0 0 1 0 15 
8422 0 0 0 0 0 0 0 0 0 0 0 2 0 3 0 0 5 
8423 0 1 1 0 0 1 1 0 1 0 1 2 0 0 1 0 9 
8424 0 0 0 1 0 0 0 1 0 0 2 0 0 1 1 0 6 
8425 0 1 8 0 0 0 0 0 0 0 0 0 0 5 0 0 14 
8426 0 0 0 0 0 0 2 3 0 0 2 3 2 0 3 0 15 
8427 0 0 0 3 0 0 0 0 0 0 2 2 1 3 2 0 13 
8428 0 0 2 0 0 0 0 5 3 0 1 0 1 1 0 0 13 
8429 0 0 0 0 0 0 0 0 1 0 1 0 0 3 0 0 5 8430 0 0 0 0 0 0 0 1 1 1 0 1 0 2 0 0 6 8431 0 0 1 0 0 2 0 0 1 1 3 2 0 3 0 0 13 8432 0 0 4 1 0 0 1 1 0 0 1 1 0 3 0 0 12 
8433 0 0 1 0 0 0 0 1 0 1 1 0 7 4 1 0 16 
8434 0 0 1 0 0 0 2 1 0 0 0 6 0 1 0 0 11 
8435 0 1 0 0 3 0 0 0 1 0 0 0 0 1 1 0 7 
8436 0 0 3 0 0 0 0 0 5 2 2 5 0 4 2 0 23 
8437 0 3 0 0 0 0 3 2 0 0 0 2 1 9 2 0 22 
8438 0 0 7 0 0 0 3 1 0 2 3 7 1 3 0 0 27 
8439 0 2 2 2 0 0 0 8 2 0 0 2 0 3 0 0 21 
8440 0 0 2 0 0 0 9 5 0 0 0 0 1 8 1 0 26 
8441 0 2 5 0 0 0 0 1 0 2 3 5 0 6 5 0 29 
8442 0 0 14 0 1 0 2 4 1 2 1 6 1 4 4 0 40 
8443 0 2 0 0 0 0 1 0 0 0 6 0 1 2 0 0 12 
8444 0 0 3 0 1 1 1 7 0 0 3 0 0 3 5 0 24 
8445 0 2 2 0 0 0 0 4 1 2 9 2 0 4 0 0 26 
8446 0 0 3 0 0 0 1 2 2 0 16 1 0 4 0 0 29 
8447 1 2 3 0 0 0 2 8 0 1 22 4 0 31 5 0 79 
8448 1 3 9 0 0 0 0 0 1 0 15 10 2 11 0 0 52 
8449 0 0 9 0 2 0 0 0 1 0 12 19 0 11 1 1 56 8450 0 5 11 3 0 0 2 2 0 0 3 7 2 7 0 0 42 
8451 0 0 1 0 0 1 1 0 0 0 18 2 0 3 0 0 26 
8452 0 2 20 0 0 0 0 5 0 0 0 3 0 2 0 0 32 
Total 2 30 121 15 8 10 44 81 23 14 162 114 43 149 60 1 877 
391 
I 
Appendix 10 
Table 6.28.2 CDSC Annual Regional Report for Cryptosoorldium 1985 
NOR YOR THE EA NWT NET SET SWT WES OXF SW WM MER NW WAL NI IRE Total 
8501 0 0 1 0 0 0 2 0 0 0 5 1 0 5 2 0 0 16 
8502 0 0 7 0 0 0 0 4 3 0 2 3 5 1 1 0 0 26 
8503 1 6 1 0 0 0 3 32 5 0 0 0 0 10 0 0 0 58 
8504 0 0 10 0 0 0 5 3 3 0 1 3 1 4 0 0 0 30 
8505 0 1 0 1 0 0 5 0 1 0 1 3 0 2 0 0 0 14 
8506 0 0 9 0 0 0 4 1 6 0 1 6 4 3 1 1 0 36 
8507 0 0 0 0 1 0 0 0 5 0 1 6 2 9 0 0 0 24 
8508 0 0 5 0 0 0 1 5 9 0 4 4 0 9 2 0 0 39 
8509 0 0 10 0 1 4 4 5 1 0 1 4 4 2 0 0 0 36 
8510 0 3 5 0 0 1 6 0 7 1 0 5 0 5 0 0 0 33 
8511 0 0 8 0 0 1 0 4 2 1 0 6 3 6 0 0 0 31 
8512 0 0 4 0 0 2 10 3 2 0 1 2 5 6 1 0 0 36 
8513 0 0 0 0 0 1 2 3 0 0 1 1 13 11 0 0 0 32 
8514 0 0 1 0 0 0 2 0 2 0 0 12 1 1 1 0 0 20 
8515 0 0 1 0 0 3 '0 3 0 0 0 2 1 3 1 1 0 15 
8516 0 7 1 0 2 0 1 3 0 0 1 1 0 1 0 0 0 17 
8517 0 1 10 0 0 0 4 1 4 1 2 10 7 8 0 1 0 49 
8518 0 0 14 1 0 3 2 1 4 0 6 4 0 11 1 0 0 47 
8519 0 5 1 1 0 2 1 9 0 0 2 5 5 14 0 0 0 45 
8520 0 1 3 0 0 2 1 8 0 1 3 1 0 13 2 0 0 35 
8521 1 3 12 1 1 0 1 3 2 2 0 0 6 13 5 0 0 50 
8522 0 0 2 '1 1 0 1 1 0 0 1 4 0 6 1 0 0 18 
8523 0 1 1 0 0 0 0 0 0 1 1 6 1 12 1 0 0 24 
8524 0 1 6 1 0 1 2 0 2 1 0 5 1 11 1 0 0 32 
8525 0 4 7 0 0 5 0 1 0 0 1 10 0 2 2 0 0 32 
8526 0 3 1 0 3 0 1 5 1 0 4 2 0 5 0 0 0 25 
8527 0 4 4 0 1 2 2 2 0 0 2 1 0 12 0 0 0 1 30 
8528 0 1 2 3 2 3 0 0 1 0 0 19 5 7 1 0 0 44 
8529 0 0 4 1 0 2 0 0 0 0 3 6 1 10 0 0 0 27 
8530 0 3 2 0 0 0 0 10 0 0 0 7 0 10 1 0 1 34 
8531 0 2 2 2 0 0 4 0 0 0 2 4 0 13 0 0 0 29 
8532 0 2 1 1 2 3 1 2 1 0 2 4 0 8 0 0 2 29 
8533 0 1 1 0 3 0 5 2 1 0 4 5 0 2 0 0 1 25 
8534 0 3 2 5 0 0 0 3 3 0 1 9 1 14 1 0 0 42 
8535 0 1 5 3 2 2 2 0 2 0 3 4 0 10 0 0 1 35 
8536 0 3 14 0 0 0 1 2 0 0 2 13 3 11 1 0 1 51 
8537 0 0 3 1 0 2 4 2 0 0 7 3 0 10 2 0 2 36 
8538 1 2 6 0 3 0 7 3 12 1 5 5 1 6 0 0 3 55 
8539 1 0 4 0 0 0 7 3 1 0 1 3 1 4 2 0 0 27 
8540 0 2 3 2 0 0 2 1 2 0 5 3 0 5 8 0 0 33 
8541 0 2 9 2 0 0 1 2 4 1 3 8 3 15 2 0 0 52 
8542 0 1 2 0 6 3 1 0 6 3 2 4 0 26 2 0 0 56 
8543 0 1 1 1 0 1 2 1 12 0 3 7 8 12 3 0 0 52 
8544 0 5 2 0 0 3 3 2 3 0 1 1 0 6 0 0 1 27 
8545 1 3 10 3 0 0 6 15 6 0 5 2 12 19 2 0 2 86 
8546 0 1 12 1 0 1 4 1 3 0 4 12 0 23 3 0 1 66 
8547 0 1 2 2 0 1 0 2 4 2 3 3 0 11 2 0 4 37 
8548 0 0 17 0 0 0 0 6 6 0 4 8 1 11 11 0 1 65 
8549 0 1 2 2 1 1 2 0 5 2 4 2 2 12 2 0 1 39 
8550 0 1 3 1 0 3 1 2 6 2 1 2 0 5 0 0 2 29 
8551 0 0 3 1 0 0 5 12 6 0 1 2 2 12 1 0 0 45 
8552 0 0 1 0 1 1 1 2 0 0 0 2 0 17 5 0 0 30 
Totals 5 76 237 37 30 53 119 170 143 19 107 245 99 464 71 3 23 1901 
392 
Appendix 11 
Table 6.28.3 CDSC Annual Regional Report for Cryptosooridium 1986 
NOR YOR THE EA NWT NET SET SWT WES OXF SW WM MER NW WAL NI IRE Total 
8601 0 3 1 0 2 0 0 0 0 2 8 7 2 6 2 0 0 33 
8602 1 1 6 0 0 1 0 15 6 0 26 2 0 2 0 0 2 62 
8603 0 0 5 0 3 2 7 13 7 2 5 4 4 5 5 0 2 64 
8604 0 4 0 1 3 1 0 7 6 5 4 9 4 5 0 0 3 52 
8605 0 0 4 1 0 2 3 13 5 3 6 6 0 4 4 0 6 57 
8606 0 2 1 0 5 2 1 9 2 1 4 1 1 1 0 0 2 32 
8607 0 1 1 0 0 2 1 3 12 3 8 3 0 8 3 0 3 48 
8608 0 4 3 1 1 3 3 0 2 1 3 2 4 6 1 0 2 36 
8609 2 1 3 0 0 1 1 3 6 1 3 4 3 4 1 0 3 36 
8610 0 2 1 0 0 5 6 0 1 5 4 3 0 6 4 0 0 37 
8611 0 0 2 1 0 0 12 3 2 0 0 4 0 1 2 0 2 29 
8612 0 3 1 1 0 4 2 4 8 9 4 8 6 10 0 0 9 69 
8613 0 1 0 1 0 3 12 12 0 2 1 6 23 6 3 0 0 70 
8614 0 2 2 2 1 3 6 14 1 5 5 3 2 2 0 0 0 48 
8615 0 2 4 0 6 0 3 6 6 4 14 16 0 7 0 0 4 72 
8616 0 0 6 3 0 5 37 13 3 4 3 3 0 5 10 0 3 95 
8617 0 8 5 13 2 1 5 8 4 4 6 10 1 7 0 1 3 78 
8618 0 3 10 0 3 3 11 13 2 4 2 7 6 11 6 0 3 84 
8619 0 3 12 12 2 7 8 7 10 2 12 5 0 9 1 0 2 92 
8620 0 2 25 2 0 9 3 9 5 0 7 6 0 10 8 0 7 93 
8621 0 13 12 1 7 1 16 4 13 0 14 4 1 6 4 0 5 101 
8622 0 0 8 0 1 6 3 1 5 7 3 13 0 13 4 0 5 69 
8623 0 10 23 14 0 10 7 5 5 7 5 9 20 14 4 0 2 135 
8624 0 5 7 0 0 0 8 3 5 1 7 7 1 16 3 0 1 64 
8625 0 4 11 0 0 3 7 4 9 1 9 3 2 21 3 1 0 78 
8626 0 1 11 3 2 6 3 1 14 0 6 7 1 17 2 0 0 74 
8627 0 1 16 1 1 2 0 0 2 5 6 7 1 18 4 0 4 68 
8628 0 5 8 0 0 0 8 5 8 0 8 11 0 29 1 0 3 86 
8629 0 0 18 0 0 0 4 5 8 0 4 3 0 14 1 0 2 59 
8630 0 2 4 1 2 2 5 2 12 3 3 12 5 16 0 0 4 73 
8631 0 3 4 2 1 0 0 4 1 1 7 11 0 22 1 0 5 62 
8632 0 5 6 0 2 1 11 2 15 6 3 10 0 12 5 0 7 85 
8633 0 2 10 6 0 0 2 20 3 1 1 11 2 11 0 0 3 72 
8634 0 2 7 1 3 8 3 0 1 3 11 8 0 11 2 0 2 62 
8635 0 1 3 1 3 0 2 0 5 0 1 7 0 10 0 0 1 34 
8636 2 3 7 1 0 5 8 12 6 3 8 4 0 15 2 0 0 76 
8637 1 3 7 1 1 3 6 5 6 4 9 5 2 14 3 0 0 70 
8638 0 2 17 3 0 4 2 0 11 1 17 20 1 12 3 0 6 99 
8639 5 1 20 1 0 2 1 4 2 0 6 14 0 16 2 0 2 76 
8640 0 3 14 0 1 0 3 1 7 1 8 6 2 10 1 0 5 62 
8641 0 1 14 0 0 0 1 3 6 2 16 12 1 17 0 0 0 73 
8642 0 4 17 5 0 1 8 1 4 3 16 13 2 8 7 0 0 89 
8643 0 2 8 0 0 1 3 2 9 4 11 19 1 30 2 1 0 93 
8644 0 1 8 3 0 0 3 1 1 3 9 13 2 1 0 0 4 49 
8645 0 13 8 0 0 0 1 5 2 2 7 5 0 26 4 0 0 73 
8646 4 0 4 0 0 1 5 4 0 1 13 23 1 7 1 0 1 65 
8647 0 2 15 1 0 5 2 2 1 0 30 33 3 9 6 0 0 109 
8648 0 1 2 0 0 0 0 4 5 0 36 19 0 12 2 0 3 84 
8649 0 8 9 1 1 1 2 3 6 17 17 20 20 31 0 0 1 137 
8650 0 5 0 0 1 0 0 4 7 0 3 16 8 4 5 0 3 56 
8651 1 2 5 0 0 0 3 9 2 3 24 13 0 33 3 0 6 104 
8652 0 0 0 0 0 0 0 3 7 0 4 0 1 13 1 0 0 29 
8653 0 0 3 3 0 1 0 3 8 3 14 10 0 1 0 0 0 46 
Totals 16 147 398 87 54 117 248 274 284 139 461 477 133 604 126 3 131 3699 
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Table 6.28.4 CDSC Annual Regional Report for Cryptosporidium 1987 
NOR YOR THE EA NWT NET ' SET SW7 WES OXF SW WM MER NW WAL NI IRE Total 
8701 2 5 2 0 0 0 3 3 5 3 3 6 1 2 0 0 0 35 
8702 0 0 1 0 2 0 0 3 6 7 4 10 '0 6 3 0 2 44 
8703 4 1 2 0 1 1 3 3 5 1 9 6 0 6 0 0 6 48 
8704 2 1 1 0 1 0 0 0 1 3 8 3 0 7 2 0 0 29 
8705 0 1 1 0 3 0 0 3 2 0 7 13 1 7 7 0 0 45 
8706 0 0 3 1 0 2 0 0 0 6 8 2 2 7 3 0 0 34 
8707 4 2 5 0 0 1 2 5 7 1 4 13 4 3 0 1 0 52 
8708 10 0 0 1 3 1 1 2 0 0 7 4 2 6 16 0 3 56 
8709 0 5 2 0 2 0 5 1 6 0 6 9 1 7 2 0 2 48 
8710 11 3 0 0 1 6 2 4 3 4 3 6 1 3 2 0 1 50 
8711 0 2 8 0 3 0 2 5 5 2 7 6 8 13 6 0 3 70 
8712 4 0 1 1 2 1 4 2 2 1 6 4 5 6 3 0 1 43 
8713 4 2 3 0 0 3 2 3 3 1 6 12 3 6 2 0 0 50 
8714 0 1 1 2 4 2 3 3 2 3 10 8 0 7 8 0 3 57 
8715 0 0 0 0 5 1 1 2 15 2 5 4 2 13 3 0 2 55 
8716 4 2 3 0 2 0 0 0 17 1 9 2 18 9 14 0 6 87 
8717 4 0 3 1 2 3 7 4 5 6 18 3 1 22 3 0 0 82 
8718 2 8 2 0 1 1 2 3 3 4 8 7 3 7 6 0 4 61 
8719 2 0 9 6 2 0 4 13 11 4 7 27 3 17 8 0 5 118 
8720 0 2 2 0 3 0 1 3 3 4 8 1 2 12 4 0 5 50 
8721 1 2 0 0 1 7 1 1 3 4 5 2 1 7 8 1 4 48 
8722 0 3 0 0 0 0 9 7 4 1 6 3 9 4 3 3 1 53 
8723 6 9 1 0 2 2 5 0 7 2 6 5 14 6 4 1 0 70 
8724 1 0 3 0 0 1 1 4 4 1 2 9 2 8 3 1 2 42 
8725 0 3 5 3 0 0 1 1 13 1 8 8 2 17 1 0 0 63 
8726 0 1 0 0 0 1 2 8 0 3 2 13 2 7 0 0 1 40 
8727 4 0 4 0 3 0 1 0 0 0 9 6 5 11 3 0 0 46 
8728 0 3 5 0 1 1 5 3 13 3 12 22 4 16 1 0 0 89 
8729 1 0 9 0 0 0 2 3 14 1 3 14 0 21 3 0 0 71 8730 0 2 4 0 1 0 0 2 7 0 6 8 0 7 0 0 3 40 8731 5 5 10 0 4 0 0 2 9 2 9 19 3 11 1 0 0 80 
8732 4 3 8 0 0 0 0 3 5 0 5 28 1 5 8 0 1 71 
8733 3 1 1 1 0 2 1 2 8 0 18 11 2 6 6 0 0 62 
8734 0 2 5 0 0 2 4 3 2 5 9 12 0 28 2 0 0 74 
8735 6 0 8 0 3 0 3 5 2 2 2 9 2 16 1 0 0 59 
8736 0 1 10 0 1 2 5 4 6 0 8 11 4 23 8 0 1 84 8737 1 11 3 1 1 3 4 3 2 4 38 19 3 29 6 0 0 128 
8738 6 4 9 0 1 0 4 2 15 2 17 6 6 8 8 0 2 90 
8739 4 6 3 0 0 3 6 6 4 0 5 9 "1 16 11 0 0 74 
8740 2 5 20 2 0 0 3 7 15 3 12 8 1 7 11 0 0 96 8741 6 5 11 2 3 1 0 7 3 0 8 8 2 16 12 0 0 84 
8742 0 1 1 0 0 5 11 6 11 3 44 20 1 8 13 0 2 126 
8743 5 1 13 3 0 0 6 6 5 0 5 6 1 7 12 0 1 71 
8744 0 7 6 0 1 0 4 1 6 4 17 9 2 15 19 0 1 92 
8745 0 2 5 0 0 0 3 4 10 7 19 12 0 15 11 0 5 93 
8746 0 2 6 0 1 1 11 5 5 2 10 11 2 13 3 0 0 72 
8747 15 1 4 0 0 1 1 5 4 3 12 2 2 14 8 0 0 72 
8748 2 6 4 0 0 0 1 7 0 0 2 0 2 22 10 0 2 58 
8749 0 1 8 0 0 4 6 7 13 1 6 7 0 12 10 0 4 79 
8750 1 0 4 0 0 2 1 4 19 0 10 5 1 9 10 0 2 68 
8751 0 1 0 2 0 1 0 2 0 2 4 0 12 2 1 0 0 27 
8752 4 2 2 0 0 0 0 0 5 0 7 1 0 2 0 0 0 23 
Totals 130 125 221 26 60 61 143 182 315 109 469 449 144 554 289 7 75 3359 
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Table 6 . 28.5 CDSC Annual Regional Report for Crvptosporidium 1988 
NOR YOR THE EA NWT NET SET SWT WES OXF SW WM MER NW WAL NI IRE CHI Total 
8801 02200031 20 012295010 48 
8802 502002014291399100 48 
8803 11300013 14 263283010 48 
8804 16400031 12 057062010 48 
8805 16300001705216 10 130 46 
8806 136040212161022030 34 
8807 05413222325 10 173000 50 
8808 1010101081 13 2013100 33 
8809 02720032 19 0 10 8563010 68 
8810 125013037660072000 43 
8811 2 `1 1000212052275050 35 
8812 20220005 17 447336030 58 
8813 11410121 16 1 14 0221010 48 
8814 08300021 15 472382080 63 
8815 05304202 13 2441 12 4040 60 
8816 03501721 11 1 10 20 10 11 000 64 
8817 1110104484 13 12 0 12 60 11 0 78 
8818 13301151968508 15 020 68 
8819 05 18 20310309 15 2 10 7040 79 
8820 29300012 18 489492050 76 
8821 007220013254062020 36 
8822 0711011130884 10 3000 48 
8823 015001205033159020 37 
8824 007031209038062020 43 
8825 01700110706 12 232000 42 
8826 100100030030062000 16 
8827 01 12 0011270760 10 1020 50 
8828 018031013532142040 38 
8829 042000205063021030 28 
8830 0170001060754 14 3030 51 
8831 114010032335180010 33 
8832 0340000340 14 3135020 42 
8833 01 10 03021427 12 4 10 3000 59 
6834 0072202022 21 915 11 000 64 
8835 0000000110000000002 
8836 0030000010010100006 
8837 039010210194113000 35 
8838 0 15 22 0426 11 16 4 31 12 1 17 10 020 153 
8839 03240182708 13 084020 62 
8840 4661301627 15 9181000 70 
8841 05 25 00065749 10 5 19 5020 102 
8842 0011022152 11 8073000 43 
8843 13 16 04037515 12 1 12 1010 72 
8844 07 19 0004550 10 10 0 16 5050 86 
8845 22 11 1215056741 12 0030 62 
8846 30 11 1220743 14 94 10 1002 73 
8847 22500445217 19 1 11 1000 64 
8848 0670401220 19 12 3 12 6040 78 
8849 39 12 0225453 18 71 11 0000 82 
8850 016000205 18 6 20 174000 70 
8851 0140012071 36 15 0 10 1011 80 
8852 115051000017043020 30 
Totals 38 148 325 22 57 43 99 105 347 105 450 346 70 400 195 3 96 3 2852 
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Appendix 14 
Table 6.28.6 CDSC Annual Regional Report for Cryctosooridium 1989 
NOR YOR THE EA NWT NET SET SWi WES OXF SW WM MER NW WAL NI IRE CHI Totals 
8901 0 0 0 0 2 1 1 4 2 12 16 19 0 6 1 
8902 1 0 1 0 0 0 0 4 4 0 5 6 0 5 3 
8903 1 8 4 0 2 0 2 1 5 1 19 14 2 11 5 
8904 0 1 3 1 6 1 5 5 6 16 10 27 1 4 5 
8905 0 2 2 0 2 0 5 19 7 12 4 17 3 5 2 
8906 0 6 1 1 1 1 4 4 6 8 16 10 2 12 4 
8907 1 14 2 0 4 2 1 1 9 1 4 33 0 4 1 
8908 1 9 5 0 5 0 2 19 37 13 16 8 0 7 6 
8909 2 1 8 1 7 3 2 16 48 7 5 9 3 4 4 
8910 2 7 6 0 4 2 13 12 63 108 31 13 2 6 2 
8911 5 16 5 1 2 0 14 23 42 66 10 13 2 11 13 
8912 4 12 11 1 13 4 31 34 53 55 11 24 1 12 9 
8913 2 2 4 0 9 4 4 53 59 35 20 11 5 5 6 
8914 3 8 5 0 1 2 23 23 42 "6 18 6 0 6 6 
8915 0 7 7 0 34 2 34 28 27 19 19 10 2 13 9 
8916 5 6 8 3 5 1 40 21 27 18 10 4 3 6 11 
8917 1 29 4 0 6 18 25 5 55 15 14 28 3 21 5 
8918 1 6 12 2 0 4 20 22 18 8 8 7 1 13 13 
8919 4 17 10 0 3 12 7 12 8 12 7 18 1 12 4 
8920 4 9 22 5 19 9 19 14 19 31 15 16 1 21 3 
8921 6 25 25 2 1 1 15 8 14 4 19 11 2 11 9 
8922 6 20 4 2 1 12 12 20 9 7 9 23 0 16 8 
8923 1 9 11 0 6 11 25 4 11 4 16 10 1 13 6 
8924 1 7 8 15 8 10 8 10 12 4 13 11 0 6 1 
8925 2 6 6 0 5 3 9 7 13 9 7 22 3 17 9 
8926 1 3 3 1 7 2 4 16 4 7 9 12 7 8 3 
8927 3 5 6 0 1 9 8 2 3 4 5 14 4 14 1 
8928 4 13 13 1 4 6 9 8 8 6 17 13 2 23 11 
8929 1 22 19 0 10 7 8 12 3 3 3 26 3 28 3 
8930 4 11 1 0 1 1 6 4 8 1 12 13 2 6 12 
8931 0 11 7 1 6 3 8 4 10 4 12 14 1 34 8 
8932 4 2 9 5 3 0 12 8 19 1 15 8 1 19 17 
8933 3 37 19 4 1 4 19 4 3 5 12 14 3 22 19 
8934 -2 25 11 3 3 12 14 15 15 4 6 25 1 35 15 
8935 3 31 14 4 4 4 6 7 6 22 19 19 12 20 16 
8936 0 19 23 7 5 6 20 11 4 4 11 8 2 37 16 
8937 2 28 25 6 2 9 32 9 17 18 31 23 1 36 21 
8938 8 21 22 19 6 9 19 15 7 5 15 15 3 19 24 
8939 3 19 19 3 1 10 27 14 15 2 17 11 4 56 23 
8940 0 17 21 3 2 5 22 4 12 6 16 16 9 26 7 
8941 15 20 29 11 1 5 29 11 19 4 22 35 5 29 22 
8942 7 12 13 9 3 3 1 6 9 4 10 10 1 19 7 
8943 6 28 17 4 2 7 11 22 7 5 20 16 4 28 17 
8944 5 26 11 25 3 3 21 6 5 1 29 19 1 21 16 
8945 2 13 15 15 6 1 4 3 11 2 28 25 4 30 6 
8946 4 17 16 2 0 1 31 1 7 0 28 27 5 21 24 
8947 0 7 13 0 1 7 2 3 12 4 29 33 2 33 13 
8948 0 10 4 3 2 1 4 5 15 0 23 37 6 23 7 
8949 2 22 12 2 1 1 8 2 27 0 32 22 3 18 13 
8950 0 18 11 1 0 1 3 1 34 3 25 14 1 27 3 
8951 0 2 4 1 0 2 4 1 5 1 6 9 1 1 7 
8952 0 4 0 1 0 0 0 0 12 0 21 0 0 4 0 
Totals 132 670 531 165 221 222 653 563 893 587 795 848 126 884 476 
01 65 
20 31 
00 75 
00 91 
10 81 
00 76 
00 77 
01 129 
31 124 
40 275 
00 223 
10 278 
00 219 
00 150 
30 214 
60 176 
03 232 
02 138 
13 2 142 
02 212 
03 157 
20 151 
61 135 
00 115 
11 120 
01 88 
00 79 
02 140 
00 148 
40 88 
04 127 
33 130 
20 171 
03 189 
30 190 
60 179 
10 261 
03 210 
50 230 
10 167 
20 259 
01 115 
00 194 
70 199 
21 168 
20 186 
12 162 
00 140 
20 167 
30 145 
00 44 
00 42 
13 88 37 7902 
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Table 6.28.7 CDSC Annual Regional Report for Cryptosporidium 1990 
NOR YOR THE EA NWT NET SET SWT WES OXF SW WM MER NW WAL NI IRE CHI Totals 
9001 0 9 7 0 1 0 1 2 5 0 5 5 0 5 2 0 0 0 42 
9002 6 20 4 0 0 6 2 7 10 1 12 27 0 16 5 0 1 1 118 
9003 1 23 18 3 2 3 3 11 21 6 14 15 4 18 5 0 5 1 153 
9004 7 79 12 1 2 0 3 5 39 3 14 5 4 11 1 1 3 1 191 
9005 7 13 13 2 1 4 4 3 30 6 4 12 1 7 8 0 0 0 115 
9006 2 101 8 2 0 2 8 8 23 5 6 8 4 8 8 0 0 0 193 
9007 8 47 5 0 4 2 3 11 9 1 7 10 0 9 1 0 4 1 122 
9008 2 53 10 2 4 2 5 5 26 6 8 6 0 10 2 0 0 0 141 
9009 3 35 3 1 0 5 1 3 9 0 6 3 1 5 2 0 4 0 81 
9010 2 2 1 2 0 0 5 2 3 0 0 5 0 4 0 0 0 0 26 
9011 6 51 12 1 2 2 4 8 18 6 15 7 1 6 4 0 1 2 146 
9012 0 46 14 0 1 2 16 16 13 2 14 8 2 11 6 2 1 0 154 
9013 6 33 12 3 0 3 6 5 10 2 8 10 1 11 4 7 1 1 123 
9014 1 40 4 0 3 2 5 4 12 3 7 9 1 3 3 2 1 0 100 
9015 4 18 4 0 2 0 6 3 3 0 7 5 2 7 9 2 1 0 73 
9016 1 28 5 0 0 0 5 5 17 3 8 6 3 2 5 9 1 0 98 
9017 2 16 6 2 1 3 7 6 12 4 7 8 1 1 3 7 3 0 89 
9018 4 4 7 3 1 1 0 2 6 1 8 9 2 16 10 1 1 0 76 
9019 2 14 2 0 0 1 3 0 4 3 3 6 0 1 1 5 3 1 49 
9020 2 14 5 0 2 2 5 5 7 3 27 15 3 15 5 9 1 0 120 
9021 1 14 3 3 1 1 3 4 8 4 2 1 0 9 3 4 0 0 61 
9022 6 6 5 1 3 1 6 2 2 1 3 7 0 3 2 9 2 0 59 
9023 7 18 5 1 3 4 9 5 7 0 8 15 0 6 8 13 3 0 112 
9024 2 11 10 2 5 0 1 2 1 1 8 2 1 10 18 8 1 0 83 
9025 7 4 4 1 1 1 3 3 4 1 4 3 0 15 2 6 0 0 59 
9026 17 21 12 5 0 4 6 2 1 3 14 9 1 9 4 2 1 0 111 
9027 5 4 2 1 1 2 0 1 7 3 8 7 0 5 2 5 3 0 56 
9028 26 16 5 2 0 1 1 5 1 0 4 5 0 3 6 2 0 0 77 
9029 8 7 2 0 0 0 1 3 1 2 5 3 0 10 0 1 1 0 44 
9030 10 7 5 3 0 0 3 2 6 0 5 3 4 10 2 3 0 0 63 
9031 23 8 4 4 0 2 3 1 1 2 12 3 1 10 4 3 0 0 81 
9032 15 11 17 4 1 0 5 8 4 0 4 5 0 13 2 0 1 0 90 
9033 9 5 6 0 0 1 1 3 1 4 10 8 1 16 2 2 1 0 70 
9034 14 23 7 4 0 3 1 2 8 1 12 13 5 11 5 2 0 2 113 
9035 8 5 13 0 0 2 7 3 2 7 7 5 0 14 1 0 1 0 75 
9036 1 0 10 2 2 0 7 4 4 5 1 4 1 15 2 1 3 0 62 
9037 6 12 15 12 3 5 9 1 6 4 23 7 0 17 7 1 0 0 128 
9038 6 45 2 0 1 5 6 8 6 9 13 13 2 31 3 15 0 0 165 
9039 9 27 29 6 2 0 6 6 7 4 11 7 5 18 4 10 0 2 153 
9040 7 15 11 2 3 3 8 9 4 2 19 11 1 11 4 10 0 0 120 
9041 13 11 16 1 1 6 9 4 3 10 7 6 2 17 9 6 0 0 121 
9042 6 11 7 0 0 5 8 4 2 0 3 15 2 9 1 11 0 0 84 
9043 9 6 11 6 1 1 3 5 3 4 8 17 0 12 1 5 0 0 92 
9044 7 21 6 2 4 2 3 3 1 3 4 5 1 6 0 7 3 0 78 
9045 11 7 5 2 0 1 5 0 7 4 17 7 1 8 1 7 2 0 85 
9046 3 8 3 1 4 2 2 5 10 0 6 3 9 7 5 2 2 0 72 
9047 7 4 18 2 2 1 2 1 3 1 13 8 2 5 4 9 1 0 83 
9048 6 9 5 0 3 1 0 1 7 1 5 11 0 6 2 2 0 0 59 
9049 0 10 3 3 3 0 4 5 22 1 16 7 6 1 5 5 2 0 93 
9050 1 8 6 1 1 0 0 6 5 2 14 7 0 4 3 0 1 0 59 
9051 12 2 13 2 1 0 3 2 23 1 17 3 0 11 2 3 1 0 96 
9052 1 9 2 6 0 1 0 6 2 2 6 1 0 2 1 3 0 0 42 
Totals 329 1011 414 101 72 95 217 227 446 137 469 400 75 490 199 202 60 12 4956 
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Table 6.28.8 CDSC Annual Regional Report for Cryptosporidium. 1991 
NOR YOR THE EA NWT NET SET SWT WES OXF SW WM MER NW WAL NI IRE CHI Totals 
9101 4 6 13 3 10 0 11 4 23 4 10 5 2 18 2 2 0 0 117 
9102 0 5 3 1 1 0 16 9 9 4 12 4 2 3 2 3 2 0 76 
9103 13 3 4 2 1 2 4 4 14 2 14 0 2 3 1 1 0 1 71 
9104 4 6 4 1 10 1 16 19 4 3 12 2 2 7 12 3 0 0 106 
9105 3 5 16 1 2 1 16 16 12 7 15 1 1 10 7 4 0 0 117 
9106 5 1 2 1 6 0 6 16 7 1 9 5 3 7 3 4 0 0 76 
9107 4 1 3 0 2 3 6 9 3 6 9 3 0 4 2 4 1 0 60 
9108 2 3 3 2 9 1 17 20 4 4 3 3 0 11 2 3 1 0 88 
9109 3 7 5 1 3 5 8 4 10 2 4 2 1 13 9 8 0 0 85 
9110 2 5 2 0 3 3 3 21 5 4 6 3 0 7 2 6 0 0 72 
9111 2 2 8 0 9 1 6 7 6 3 23 1 0 5 5 3 7 0 88 
9112 2 8 4 2 1 17 7 16 9 7 2 9 1 16 7 9 4 0 121 
9113 1 5 11 0 8 8 9 23 13 6 20 4 2 11 3 7 1 0 132 
9114 0 4 4 0 3 6 12 10 4 2 6 3 3 8 4 1 0 0 70 
9115 4 7 4 2 10 8 5 18 7 6 22 14 0 11 12 6 9 0 145 
9116 0 11 1 1 3 8 11 12 3 6 8 4 3 7 0 5 0 1 84 
9117 7 15 15 3 5 5 13 18 20 7 15 6 2 10 19 8 3 0 171 
9118 6 7 15 8 1 1 7 15 18 5 14 17 2 15 6 6 4 0 147 
9119 2 7 5 3 5 4 8 16 17 5 1 19 2 18 12 11 0 0 135 
9120 11 17 5 4 14 2 3 10 14 2 22 13 0 25 18 21 7 0 188 
9121 6 12 11 0 9 10 8 6 14 8 3 17 2 14 17 6 2 0 145 
9122 5 7 4 0 11 4 0 4 4 0 8 2 3 12 4 2 2 0 72 
9123 19 9 1 6 3 3 14 8 21 14 14 8 3 21 8 4 0 0 156 
9124 7 3 10 8 6 5 8 2 4 8 9 3 0 13 9 0 1 0 96 
9125 3 3 5 2 8 9 5 0 7 4 7 4 1 5 6 5 0 0 74 
9126 9 9 7 3 6 6 7 6 7 5 5 5 1 28 1 3 0 3 111 
9127 6 14 8 3 4 2 5 4 1 5 15 2 0 7 6 1 1 0 84 
9128 3 8 4 5 9 4 2 5 2 0 18 5 1 7 10 2 1 0 86 
9129 6 16 4 2 3 3 1 4 2 1 0 5 0 7 2 0 0 0 56 
9130 6 7 8 4 4 0 7 6 5 5 11 1 2 8 8 0 2 2 86 
9131 0 10 15 2 3 5 1 3 1 3 4 5 2 10 0 1 3 2 70 
9132 5 12 8 3 2 4 11 0 4 1 4 8 1 16 10 1 2 0 92 
9133 0 4 13 8 7 5 5 5 5 6 8 2 1 6 4 1 1 0 81 
9134 7 16 4 1 1 8 15 8 3 3 7 7 0 15 10 0 1 0 106 
9135 2 4 3 2 0 3 2 1 4 2 13 3 0 6 1 0 0 0 46 
9136 7 4 9 2 2 7 21 1 5 4 7 10 0 7 6 0 4 0 96 
9137 2 9 6 2 14 8 13 5 2 7 9 8 1 13 14 0 1 0 114 
9138 7 21 12 7 4 3 11 2 10 1 16 14 8 22 9 1 3 3 154 
9139 1 11 14 13 9 7 10 13 6 12 9 21 0 14 3 0 0 1 144 
9140 5 9 20 4 8 4 12 7 5 1 13 12 4 40 9 0 3 1 157 
9141 6 28 13 11 9 6 14 5 12 7 7 14 10 17 7 1 3 8 178 
9142 2 11 8 5 10 9 5 7 4 3 19 8 5 13 8 1 0 2 120 
9143 4 10 15 2 12 1 2 3 4 1 7 5 3 15 18 1 1 0 104 
9144 1 3 10 1 15 1 13 3 10 5 4 3 0 13 2 0 0 1 85 
9145 6 8 3 4 1 1 23 9 16 1 20 6 1 18 6 0 8 2 133 
9146 3 15 15 1 2 4 4 9 8 6 6 7 6 16 3 0 3 0 108 
9147 1 13 4 4 2 0 7 5 22 5 11 4 2 16 6 1 0 0 103 
9148 15 11 34 2 2 2 8 4 6 2 4 3 10 19 3 0 3 3 131 
9149 4 7 3 0 1 1 3 2 6 3 8 2 4 11 1 1 1 0 58 
9150 1 9 17 1 6 8 6 3 3 2 6 9 2 13 6 1 0 0 93 
9151 15 14 8 4 0 5 2 2 4 2 5 6 3 13 13 0 4 0 100 
9152 1 2 4 0 1 8 3 0 6 0 1 6 0 7 2 1 1 7 50 
Totals 240 444 427 147 280 222 432 409 415 213 505 333 104 651 340 149 90 37 5438 
1. "Z, VER3ITY OF SURREY LIBRARY 
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